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UNDERWATER VEHICLE

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 60/969,106, filed on Aug. 30, 2007. The dis-
closure of the prior application 1s considered part of the dis-
closure of this application and 1s incorporated by reference 1n
its entirety.

TECHNICAL FIELD

This disclosure generally relates to the design, construc-
tion, configuration, and deployment of an underwater vehicle
(UV), which can be either manned or unmanned.

BACKGROUND

Underwater vehicles (UVs), such as submarines, can be
used for various applications, including military, scientific,
and sightseeing applications. A military submarine can be
very expensive to build. For example, it can cost about $750M
for an SSK-class submarine and over $2 B for an SSN-class
submarine, and it can take about 2 years to build. Such mili-
tary submarines generally have about 60 to 100 crew mem-
bers to operate in three shifts. There can be limitations for the
command, control and communication in the deep ocean.
There can also be a limited supply of oxygen for the engine
and the crew to use. Other safety and security concerns are
possible while operating a traditional military UV.

The basic maneuvering function of a UV 1n the ocean 1s
based on buoyancy control. Buoyancy control can be
achieved by a high pressure pneumatic valve control, which
coordinates with the hull valve to regulate water intake and
expression. These valves, together with the pipe connectors
of the manifold system, can require regular human monitor-
ing and manual maintenance because of the high pressure
environment 1n the deep sea. The valves and pipe connectors
can also be susceptible to unexpected failures during combat.

While underwater, a UV has a limited air supply for the
engine and the crew members. Therefore, the UV has to
surface to get air for the engine, to charge up the battery (e.g.,
tor SSK-class submarines), and to pressurize air into storage
for the crew. Similar to the buoyancy control equipment, the
alr storage apparatus needs pneumatic valve control monitor-
ing and maintenance. While on the surface on the ocean, the
UV can be 1n a vulnerable position during the combat mode.

A UV utilizes a periscope to observe other ships on the sea
surface as well as to communicate with the command center.
A typical UV periscope of an UV 1s approximately 50 feet in
length. A mechanical/optical periscope can require precision
parts and skilled assembly, contributing a major cost factor to
building a UV. The wireless communication equipment can
require a long antenna, and loss of power can occur due to the
long transmission line used. While the periscope or the
antenna 1s up within the periscope length, the UV can be in a
vulnerable situation during combat mode.

The UV uses active sound navigation and ranging (sonar)
for navigation. The UV can also use active sonar to detect
surface vessels or surrounding adversary UV units. While
using active sonar, a UV also exposes 1ts position to adversary
passive sonar monitoring, and this can lead to vulnerability
tor the UV. The active sonar emits strong ultrasonic or audible
pulse waves at omni-direction and utilizes a hydrophone to
detect the reflecting pulse wave to determine the position of
the target and the target range.
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The hull design and construction of a UV can be compli-
cated and expensive, requiring the fabrication of many cus-

tom parts. A UV requires a high-pressure hull design which
can lead to a heavier frame and reduced payload weight. A
large shipyard 1s needed to construct a typical UV. This can
require a longer lead time for construction versus the con-
struction of, for example, a recreational vessel.

SUMMARY

Various aspects are described relating to the design, con-
struction, configuration, and deployment of a J-type Under-
water Vehicle (JUV). The JUV utilizes a modular design
concept to achieve low cost, fast construction, and low power
consumption. Further, the JUV can be designed using the
same rudder for both horizontal and vertical navigational
control. In this manner, the symmetric rudder design can
reduce the cost of construction. A traditional UV requires a
conning tower or “sail” for periscope functions and a propel-
ler and shaft attached at the stern, as well as a rudder at the
stern. In contrast, the JUV has a symmetric rudder on both
bow and stern to increase maneuverability in the forward and
ait directions. Due to 1ts angular design, the hull of the JUV
can easily reflect sonar waves away from the source and
thereby avoid sonar detection

The JUV modules can be built in a hangar or warehouse
remotely located from the shipyard. Additionally, the JUV
modules can be shipped 1n a container by truck or air cargo to
the designated port or shipyard. The JUV can also include a
Retractable Wireless-communications Periscope (RWP) tloat
for the Retractable Wireless-communications Periscope Sys-
tem (RWPS). The RWP can provide a deep sea high speed
wireless communication and visual surveillance capabilities
for the JUV. A traditional periscope, for example, 1s typically
limited to 50 feet in length. In contrast, the JUV RWPS can
provide up to 1 km 1n periscope length.

A Micro-second Synchronized Power Ethernet Control &
Monitoring (USPECM) system can be designed for autono-
mous, remote-controlled, or manual operation of the JUV.
The USPECM system can include several intelligent sensors
that may be individually controlled, monitored, and recorded.
Simple commands can be used to navigate the vehicle, and all
ol the communications can be Ethernet based. The USPECM
devices can utilize the Power over Ethernet (PoE) standard
(IEEE 802.3af) as much as possible for power needs. All of
the USPECM electronic devices can be based on Application
Specific Integrated Circuit (ASIC) and/or Field Program-
mable Gate Array (FPGA) design; thus, the USPECM elec-
tronic devices can consume less than one tenth of the power as
systems based on a personal computer (PC) or computer

board.

The USPECM can utilize the broadcasting feature of Eth-
ernet/802.3 to synchronize all of the USPECM devices at a
micro-second level. Furthermore, the USPECM uses only
three layers of the Open Systems Interconnection Basic Ret-
erence Model (OSI Model) throughout the system. The
USPECM can provide direct, efficient, and dependable
micro-second level synchronization. A USPECM router can
be used to relay information from the intelligent sensors to
multiple command control stations. A central monitor router
can provide multiple system monitoring stations. The
USPECM Ethernet MAC address assignment scheme can
provide a simple method for an FPGA to implement an orga-
nized monitoring system.

The JUV can be configured nto a low cost, un-manned
Missile-Detense specific JUV (MD_JUV) without a weap-

onry system. The MD_JUV can be controlled by nearby
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aircralit carrier crews to submerge, surface, and navigate at a
safe distance from the aircraft carrier. The MD _JUYV, 1n some

implementations, can raise a missile defense screen. For
example, the missile defense screen can be used to disrupt the
tlight path of a missile, disable the missile, and/or prohibit a
missile from exploding. Further, the MD_JUYV can, 1n some
implementations, be deployed as a decoy to defend an aircrafit
carrier against incoming missiles from the air. For example,
the aircraft carrier can emit smoke to block the visual guid-
ance system, allowing the incoming missile to aim at the
MD_JUYV decoy instead of the aircraft carrier. The JUV can
also be designed to minimize casualty rate. For example,
every crew member 1n the JUV can have an individual emer-
gency escape capsule (EEC) for use during evacuation of the
JUV.

The JUV can also be used to detect and track adversary
submarines, especially a nuclear-powered submarine. A
nuclear submarine can stay under deep sea for as long as 6
months without being detected. A nuclear submarine can
carry nuclear weapon/warhead and can pose a serious threat
to our national security. A traditional submarine during opera-
tion can generate a large amount of heat, wave ripples, engine
sound, and active sonar signals. The range of detecting an
adversary by the sonar can vary from a few miles to about 50
miles.

The Submarine Surveillance and Tracking Network
(SSTN) can 1nclude a Long Underwater Cable (LUC) and
ST_JUV (Submarine Tracking specific JUV) fleet. The LUC
can be used to detect submarines or surface vessels crossing
the LUC line laid between two 1slands or end nodes by passive
sonar and temperature sensor via the USPECM sonar array
network. When an adversary submarine 1s detected while
crossing the SSTN LUC line, the end-station (ground/island)
can report to the command center and dispatch the nearest
JUV units to track and escort the detected submarine until 1t
no longer poses a threat.

The details of one or more embodiments of the invention
are set forth 1n the accompanying drawings and the descrip-
tion below. Other features, aspects, and advantages of the
invention will become apparent from the description, the
drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1llustrates side, front/rear, top and bottom views of
a J-Type Underwater Vehicle.

FI1G. 2 illustrates a diagram of the modular hull design of a
I-Type Underwater Vehicle.

FIG. 3 1s a block diagram illustrating the differences
between a traditional underwater vehicle hull design and a
I-Type Underwater Vehicle hull design.

FI1G. 4 1s a block diagram illustrating a basic modular hull
structure and interior design of a J-Type Underwater Vehicle.

FIG. 5 1s a block diagram 1illustrating a symmetric bow and
stern structure of a J-Type Underwater Vehicle.

FIG. 6 1s a block diagram 1illustrating a module connector
for connecting the basic modular hull structure of a J-Type
Underwater Vehicle.

FIG. 7 1s a block diagram 1llustrating a reinforcing outer
connector for connecting the basic modular hull structure of a
I-Type Underwater Vehicle.

FIG. 8 1s a block diagram 1llustrating a redundant pipeline
system for use within the basic modular hull structure of a
I-Type Underwater Vehicle.

FI1G. 9 1s ablock diagram 1llustrating a comparison of sonar
reflection patterns between a traditional underwater vehicle
hull design and a J-Type Underwater Vehicle hull design.
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FIG. 10 1s a block diagram illustrating a comparison of
sonar reflection patterns between a traditional underwater
vehicle bow and stern design and a J-Type Underwater
Vehicle bow and stern design.

FIG. 11 1s a block diagram 1llustrating a hull reinforcement
and silencing design for use within the basic modular hull
structure of a J-Type Underwater Vehicle.

FIG. 12 1s a diagram 1illustrating a bow and stern assembly
procedure of a J-Type Underwater Vehicle.

FIG. 13 1s a diagram 1llustrating a modular hull unit assem-
bly procedure of a J-Type Underwater Vehicle.

FI1G. 14 1s a diagram 1llustrating an assembly procedure for
securing the connection between modular hull units of a
I-Type Underwater Vehicle.

FIG. 15 1s a diagram illustrating an assembly procedure for
adding propulsion propellers to a J-Type Underwater Vehicle.

FIG. 16 1s a diagram 1llustrating a procedure for rotating an
assembled J-Type Underwater Vehicle.

FIG. 17 1s a block diagram illustrating a bow and stern
module of a J-Type Underwater Vehicle.

FIG. 18 1s a block diagram illustrating a buoyancy module
of a J-Type Underwater Vehicle.

FIG. 19 1s a block diagram 1llustrating a weaponry module
of a J-Type Underwater Vehicle.

FIG. 20 1s a block diagram illustrating an air module of a
I-Type Underwater Vehicle.

FIG. 21 1s a block diagram 1llustrating a command, control
and communication module of a J-Type Underwater Vehicle.

FIG. 22 1s a block diagram 1llustrating an engine module of
a J-Type Underwater Vehicle.

FI1G. 23 1s a block diagram 1llustrating a crew cabin module
of a J-Type Underwater Vehicle.

FI1G. 24 1s ablock diagram illustrating an oversized module
of a J-Type Underwater Vehicle.

FIG. 25 1s a block diagram illustrating an overview of a
retractable wireless communication periscope system for use
with a J-Type Underwater Vehicle.

FIG. 26 1s a block diagram 1llustrating a retractable wire-
less communication periscope tloat for use with a J-Type
Underwater Vehicle.

FIG. 27 1s a block diagram 1llustrating a base design for the
retractable wireless communication periscope float used with
a J-Type Underwater Vehicle.

FIG. 28 1s a block diagram illustrating an electronics
design for the retractable wireless communication periscope
float used with a J-Type Underwater Vehicle.

FIG. 29 1s a block diagram illustrating various Ethernet
buflers for use in the electronics of the retractable wireless
communication periscope float.

FIG. 30 1s a block diagram 1llustrating electronics designs
incorporating the various Ethernet buifers for use in the elec-
tronics of the retractable wireless communication periscope
tloat.

FIG. 31 1s a block diagram illustrating a fixed wireless
communications periscope with a snorkel system.

FIG. 32 1s a block diagram illustrating a fixed wireless
communications periscope with a snorkel system and fiber
optic remote control.

FIG. 33 1s a block diagram 1illustrating a mechanical struc-
ture of a fixed wireless communications periscope with a
snorkel system.

FIG. 34 1s a block diagram 1illustrating a tip of a fixed
wireless communications periscope.

FIG. 351s a block diagram illustrating an electronics layout
within the tip of a fixed wireless communications periscope.

FIG. 36 1s a diagram 1llustrating a retractable snorkeling
system.
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FIG. 37 1s a block diagram illustrating a float and base
design of a retractable snorkeling system.

FIG. 38 1s a logic diagram illustrating a micro-second
synchronized power Ethernet control and monitoring system.

FIG. 39 15 a block diagram 1llustrating an exemplary com-
mand and control data flow of micro-second synchronized
power Ethernet control and monitoring system.

FIG. 40 1s a block diagram illustrating a network protocol
stack comparison between a TCP/IP network and a 3-layer
media access control network.

FIG. 41 1s a block diagram illustrating an Ethernet MAC
addressing scheme for a USPECM system.

FIG. 42 1s a block diagram illustrating a binary counter
scheme for use 1n a USPECM system.

FIG. 43 1s a set of flow diagrams 1llustrating a micro-
second level synchronization algorithm foruse in a USPECM
system.

FIG. 44 1s a hardware diagram 1llustrating an exemplary
sensor controller design for use 1n a USPECM system.

FIG. 45 1s a hardware diagram 1llustrating an exemplary
actuator and valve controller design for use in a USPECM
system.

FIG. 46 1s a hardware diagram 1illustrating a multiple-lens
survelllance camera controller design for use 1n a USPECM
system.

FIG. 47 1s a hardware diagram illustrating an active or
passive sonar controller design for use in a USPECM system.

FIG. 48 1s a block diagram illustrating a multiple sonar
design for use in a USPECM system.

FI1G. 49 15 an architectural diagram 1llustrating a program-
mable system monitoring station design for use i a

USPECM system.

FIG. 50 1s a block diagram illustrating an exemplary dis-
play strategy for the programmable system monitoring sta-
tion of FIG. 49.

FIG. 51 1s a block diagram illustrating an exemplary dis-
play strategy for the navigation station of a USPECM system.

FIG. 52 1s an architectural diagram 1llustrating a command
control station for use 1n a USPECM system.

FIG. 533 1s a block diagram illustrating a comparison

between a traditional human machine interface and a
USPECM human machine interface.

FI1G. 54 1s a hardware diagram illustrating a powered Eth-
ernet switching system for use in a USPECM system.

FIG. 55 1s a block diagram illustrating a wheel-based
actuator with a bar code dial.

FIG. 56 1s a block diagram illustrating a wheel-based
actuator with a gear coded resistor dial.

FI1G. 57 1s a block diagram illustrating an autonomous hull
cap with a 360 degree lock actuator.

FI1G. 58 15 a block diagram illustrating an autonomous hull
cap with a 90 degree lock actuator.

FI1G. 59 1s a block diagram illustrating a hinge design for an
autonomous hull cap with a wheel-based actuator.

FIG. 60 1s a hardware diagram 1llustrating a router design
for a USPECM system.

FI1G. 61 1s a hardware diagram illustrating a central monitor
router design for a USPECM system.

FIG. 62 1s a hardware diagram 1illustrating a black box
design for a USPECM system.

FIG. 63 1s a diagram illustrating a J-Type Underwater
Vehicle configured for missile and/or torpedo defense.

FI1G. 64 15 a diagram 1llustrating a horizontal side view of a
deployment strategy for a J-Type Underwater Vehicle config-
ured for missile and/or torpedo defense.
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FIG. 65 1s adiagram illustrating a top view of a deployment
strategy for a J-Type Underwater Vehicle configured for mis-
sile and/or torpedo defense.

FIG. 66 1s a diagram illustrating a J-Type Underwater
Vehicle configured for torpedo defense.

FIG. 67 1s a diagram 1illustrating a J-Type Underwater
Vehicle configured for missile defense including a moveable
missile defense screen.

FIG. 68 1s a diagram 1illustrating a J-Type Underwater
Vehicle fleet configured as an aircrait carrier decoy.

FIG. 69 1s a diagram 1llustrating a top view of a deployment
strategy for a J-Type Underwater Vehicle configured as an
aircraft carrier decoy.

FIG. 70 1s a block diagram illustrating an emergency
escape capsule design for a J-Type Underwater Vehicle.

FIG. 71 1s a block diagram 1illustrating an air float design
for the emergency escape capsule of FIG. 70.

FIG. 72 1s a block diagram 1llustrating a battery and ballast
system design for a module of a J-Type Underwater Vehicle.

FIG. 73 1s a block diagram illustrating a submarine surveil-
lance and tracking network.

FI1G. 74 1s a network diagram illustrating a long underwater

cable architecture for use 1n a submarine surveillance and
tracking network.

FIG. 75 1s a network diagram 1illustrating an end-station
and long underwater cable architecture with sonar node for
use 1n a submarine surveillance and tracking network.

FIG. 76 1s a block diagram illustrating a sonar node for use
in a submarine surveillance and tracking network.

FIG. 77 1s a hardware diagram illustrating an exemplary
circuitry layout of a sonar node for use 1n a submarine sur-
veillance and tracking network.

FIG. 78 1s a block diagram 1llustrating a redundancy design
for use with the sonar node of FIG. 76.

FIG. 79 1s a diagram illustrating a J-Type Underwater
Vehicle configured for tracking and surveillance.

FIG. 80 1s a block diagram 1llustrating a hull configuration
tor the J-Type Underwater Vehicle of FIG. 79.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

I-Type Underwater Vehicle Overview

FIG. 1 1s an overview of a J-Type Underwater Vehicle
(JUV) andllustrates side, front/rear, top, and bottom views of
the JUV. As shown, the JUV has a square hull design. The
square hull can be fabricated, for example, using commercial
off-the-shelt (COTS) parts and a simplified assembly pro-
cess. The square hull construction with symmetric bow and
stem design provides a low drag force.

Horizontal and vertical rudders, such as a horizontal rudder
1 and a vertical rudder 7, can be placed on the bow and/or stem
of the JUV. The horizontal rudder 1 1s positioned at the top of
the bow and/or stern section of the JUV, while the vertical
rudder 7 1s positioned at the bottom of the bow and/or stern
section of the JUV. The horizontal rudder 1 or the vertical
rudder 7 can also be placed on the top of the hull of the JUV,
In some implementations, the horizontal rudder 1 and the
vertical rudder 7 are designed using the same rudder construc-
tion. Using a symmetric rudder design, for example, can
reduce the cost of construction. In addition, the symmetric
rudder design, 1llustrated on both the bow and stern sections
of the JUV, can increase the maneuverability of the JUV 1n
both the forward and aft directions.




US 8,677,920 Bl

7

A propulsion supporting frame 3 can be fixed on the bot-
tom-side of the JUV hull to propel the JUV evenly while
keeping it leveled. The supporting frame 3 can also be used to
protect the propeller from damage and to support the JUV
when 1t rests on the ocean floor. A set of propulsion propellers
5, including propeller shaits and gears, 1s positioned centrally
along the hull of the JUV. The central location of the propul-
sion propellers 5, for example, provides symmetric power to
the forward and aft of the JUV. A set of vertical launch tube
caps 9 can be used to launch weapons such as torpedoes
and/or missiles.

FI1G. 2 illustrates a diagram of the modular hull design of a
JUV. A side view of the JUV 1s sectioned into individual
modules. Each mndividual module, as illustrated, 1s forty feet
in length. In other implementations, the module length can be
changed to accommodate various requirements of each mod-
ule. An air (AR) module 23 1s shown at the bow of the JUV,
The AR module 23 can include a canister for storing pressur-
1zed air. For example, the AR module 23 can provide clean air
to both the engine and any crew on board.

A bow-end buoyancy (BY) module 11 follows the AR
module 23. The BY module 11 provides buoyancy control to
the JUV, allowing the JUV to surface and submerge. A weap-
onry (WP) module 12 follows the BY module 11. The WP
module 12 can 1include defensive and/or offensive weaponry
tactics (e.g., missiles, torpedoes, missile defense means, etc.)
depending upon the desired configuration of the JUV.

A crew cabin (CR) module/command, control and com-
munication (C3) module 15 follows the WP module 12. The
CR/C3 module 15 setup can depend upon the chosen configu-
ration of the JUV. For example, 1f the JUV 1s to be operated
remotely, a basic C3 module 15 can be located 1n this position.
The C3 module 15 includes communications and control
clectronics to run the JUV. I, mstead, the JUV 1s configured
for manned operation, the CR/C3 module 15 can be located 1n
the position. The CR/C3 module 15, for example, can house
a small crew to run the JUV. For example, a single person
could theoretically steer and operate the JUV. In a typical use,
it 1s possible that four crew members would be on board the
JUV, with one crew member steering and one crew member
handling the controls at all times. The CR/C3 module 15,
unlike a basic C3 module 15 for example, can include moni-
tors and input stations for manually controlling the sensors,
weapons, and other peripherals of the JUV.

An engine and propulsion (EP) module 17 follows the
CR/C3 module 15. The EP module 17 shares a single forty
toot length module space with an additional WP module 12.
The engine can be any type of engine suitable to an underwa-
ter vehicle including, but not limited to, diesel, gas, nuclear,
clectric or hybrid. The weapons module 12, similarly, can
contain any type of weapon suitable to offensive or defensive
underwater vehicle combat (e.g., missiles, torpedoes, etc.).

A pressured air (AR) module 19 follows the EP module
17/WP module 12 unit. The AR module 19 can be used to
provide pressurized air to the buoyancy control module(s) 11
when surfacing. The AR module 19 can also store pressurized
air for the crew and the engine. In some implementations, the
AR module 19 provides air to an extra pressurized storage
region within the bow and/or stern of the JUV. For example,
the AR module 19 can provide air to the AR module 23. A
stern-end BY module 11 follows the AR module 19. The
stern-end BY module 11 balances the aft-end BY module 11,
providing symmetric buoyancy control to the JUV.

A JUV stern module with fuel 21 follows the stern-end BY
module 11. The JUV can be designed for a vaniety of fuel
options including, but not limited to, hydrogen, gas, nuclear,
diesel, or a hybnid (e.g., diesel-electric, etc.). Because the
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JUV carries a limited crew, if any, and uses low power elec-
tronics, fuel consumption can be kept to a minimum, provid-

ing the opportunity for the JUV to remain submerged at
length without the need for nuclear power.

JUV Hull Design

FIG. 3 1s a block diagram illustrating the differences
between a traditional underwater vehicle hull design and a
I-Type Underwater Vehicle hull design. The traditional
underwater vehicle (LTV) requires a conning tower 31 or
“sail” for periscope functions, positioned at the top center of
the hull. The traditional UV includes a propeller and shaft
attached at the stern, as well as a rudder at the stern. In
contrast, the JUV has a symmetric rudder system on both the
bow and the stern to increase maneuverability 1n the forward
and aft directions. The propulsion propellers are mounted on
the center bottom of the JUV. The JUV uses a remote float
system for surface visual input and/or communications rather
than a periscope system (described 1n FIGS. 25 through 35).

FIG. 4 15 a block diagram 1llustrating a basic modular hull
structure and interior design of a J-Type Underwater Vehicle.
As noted above, the JUV hull design can use COTS materials
(e.g., marine grade aluminum such as 20'x80'x0.5" size
sheets available through Aluminum Distributing, Inc. of Fort
Lauderdale, Fla., part number 650096-5086). A standard
sized JUV module, for example, may be about 8'x8'x20',
while a large sized JUV module may be 8'x8'x40'. The JUV
modules can be built 1n a hangar or warechouse positioned a
considerable distance from the shipyard. The JUV modules
can be individually shipped by container truck, train, or air
cargo to the designated port or shipyard for final assembly. In
some 1mplementations, the JUV module can be designed to
endure at least 600 ps1 of pressure (e.g., approximately 400 m
deep sea pressure or 40.8 atmospheres).

The JUV module includes structural enforce bars 41
extending from a payload area 48 to the top and sides of the
hull. The structural enforce bars 41 also extend across each
corner of the hull at a 45 degree angle. As shown 1n FI1G. 4, all
four sides of the JUV hull are reinforced both at a 90 degree
angle from the center of the module partition and at 45 degree
angles from adjacent sides. Within the corners of the JUV
hull, the open areas above the 45 degree angle enforce bars
can each contain one or more manifold pipes and/or conduits
43. At the bottom of the JUV hull, where there are no 90
degree structural enforce bars 41, a modular ballast area 45
can contain one or more battery bays or water.

A module connector part 42 provides a means for connect-
ing adjacent modules. Each JUV module also includes a
modular connection working area 47 within the module con-
nector part 42. The modular connection working area 47
provides a space large enough for a technician to enter to
connect the pipelines, hoses, and electrical conduits between
cach module upon assembly. The modular connection work-
ing area 47 can also provide a space for a technician to enter
to accomplish maintenance tasks associated with individual
modules and/or the interconnections between two modules.
After the JUV has been assembled, a technician can enter the
modular connection working areca 47.

In some 1implementations, the technician enters through a
portal within the top region of the modular connection work-
ing area 47. For example, the portal within the modular con-
nection working area 47 can be sealed upon assembly of the
JUV. During maintenance operations, the portal can be
reopened while the JUV 1s at the surface. Between each
module a vertical partition 49 1solates the individual modules
in the event of hull damage. A door 44, located within the
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module partition 49 between each JUV module, can be locked
during normal operation and can be opened during mainte-
nance.

FIG. 5 1s a block diagram 1illustrating the symmetric bow
and stern design of a J-Type Underwater Vehicle. Due to 1ts
symmetric design, the bow and stern of the JUV are substan-
tially the same. The bow and stern include a rudder 53 (e.g.,
horizontal rudder) and a worm gear 35 to steer the rudder 53.
A patr of rudders 51 (e.g., vertical rudders), as well as a
bottom rudder 53 (not shown), can also be controlled using a
worm gear mechamsm. A cross-section of the JUV bow and
stern design 1llustrates the balanced positioning of the vertical
and horizontal rudders. The bow and stern can also include an
active and passive sound navigation and ranging (sonar) unit
57 and a payload area 39 that can be filled, for example, with
clean water, fuel or air. In some 1implementations, a light
and/or camera sensor can be added to the bow and/or stern for
signaling communication and visual navigation.

FIG. 6 1s a block diagram illustrating a module connector
for connecting the basic modular hull structure of a J-Type
Underwater Vehicle. Two JUV modules can be connected via
the module connector part 42 (as shown 1n FIG. 4). For
example, by aligning the modular connection working area
4’7 of two modules, a module connecting edge 61 around the
hull edge 1s also aligned. The module connecting edge 61
includes holes for aligning connecting hardware (e.g., nut/
bolt, etc.). In one example, one or more connecting nuts 63
and connecting bolts 65 can be used to secure the module
connecting edges 61 of two adjacent modules. A gasket or
o-ring 67 can be used to seal the connection between adjacent
modules from water leakage.

FIG. 7 1s a block diagram 1llustrating a reinforcing outer
connector for connecting the basic modular hull structure of a
I-Type Underwater Vehicle. A module connection reinforce-
ment connector 71 can be used for the top part of the module
connection and another module connection remnforcement
connector 73 can be used for the bottom part of the module
connection. In some implementations, the top and bottom
parts of the JUV module reinforce connector 71, 73 can be
identical to reduce cost. In one implementation, the height of
the top reinforcement connector 71 can be shorter than bot-
tom reinforcement connector 73, because the installation of
the reinforcement connector 71 can be done above the water.
In the case that more than half of the hull 1s submerged while
installing the top reinforcement connector 71, it can be easier
for the work to be done above the water level. Connector
hinges 78 attached to the top reinforcement connector 71 and
the bottom reinforcement connector 73 can be used for easier
connection between the two half connectors.

A series of nuts and bolts 75 can be used to tighten the
reinforce connector. One or more o-rings 77 are included
within the reinforcing outer connector for water proof design.
The o-rings 77, in some examples, can consist of a sheet of
o-rings or multiple individual o-rings. A cross-section 79
depicts the cross section of reinforce connector. As 1s 1llus-
trated within the cross-section 79, the top reinforcement con-
nector 71 1s shorter than the bottom reinforcement connector
73.

FIG. 8 1s a block diagram 1llustrating a redundant pipeline
system for use within the basic modular hull structure of a
I-Type Underwater Vehicle. The redundant pipeline system
utilizes common off-the-shelf parts where applicable to
reduce the cost of the design. A three-way valve 81 provides
redundancy to the pipeline system. A main pipeline 83 (e.g.,
high pressure pipeline or hose) 1s shown extending between
JUV modules. Redundant pipelines 83 extend through each
of the four corners of the JUV hull. The three-way valves 81
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cross-connect between redundant pipelines 83 (e.g., upper
lett to lower right and upper right to lower leit). By switching

the activity of two of the three-way valves 81 (e.g., both the
upper lett and the lower right three-way valves 81, etc.), the
normal main lines 83 can be switched to the backup redundant
lines 83.

The three-way valve 81 includes three Micro-second Syn-
chronized Power Ethernet Control & Monitoring (USPECM)
valve controls coordinated to perform 3-way switching. The
USPECM valve controls, for example, can be created using a
USPECM wheel-based actuator 85 controlling a common
off-the-shelf valve 87. The three-way valve 81 performs
three-way switching between the pipelines 83 (e.g., high
pressure pipe or hose).

FI1G. 9 1s a block diagram illustrating a comparison of sonar
reflection patterns between a traditional underwater vehicle
hull design and a J-Type Underwater Vehicle hull design. An
adversary submarine 90 uses a directional sonar 91 to locate
other underwater vehicles. Sonar waves are reflected away
from the adversary submarine 90 by the JUV due to the
angular design of the JUV hull, while sonar waves are
reflected towards the adversary submarine 90 by the tradi-
tional UV because of the circular hull design of the traditional
UV. In this manner, the angular design of the JUV hull can be
used to successtiully evade sonar from adversary submarines.

FIG. 10 1s a block diagram illustrating a comparison of
sonar reflection patterns between a traditional underwater
vehicle bow and stern design and a J-Type Underwater
Vehicle bow and stern design. As shown 1n FIG. 10, sonar
waves emitted by the directional sonar 91 are retlected away
from the adversary submarine 90 by the JUV bow and stern
due to the flat surfaces of the angular design of the JUV bow
and stern. Sonar waves are reflected towards the adversary
submarine 90 by the traditional UV because of the rounded
design of the traditional bow and stern. In this manner, the
angular design of the JUV bow and stern can be used to
successiully evade sonar from adversary submarines.

FIG. 11 1s a block diagram 1llustrating a hull 105 reinforce-
ment and silencing design for use within the basic modular
hull structure of a J-Type Underwater Vehicle. A set of rein-
forcement strips 101, used to reinforce the outer hull 105 of
the JUV, can also perform a “bumper eflect” for the JUV by
protecting the main hull from damage in the case of a minor
collision. The reinforcement strips 101, for example, can be
manufactured as an L-shaped strip of solid bar or formed
marine-grade aluminum frame. The reinforcement strips 101
can be welded or installed upon the outer hull 105 of an
individual module, for example, aiter the module has been
assembled.

A cross-view of the JUV hull 105 illustrates an acoustic
absorbing material 103 (e.g., sponge or foam type of mate-
rial), embedded between the reinforcement strips 101. The
acoustic absorbing material 103 can help to absorb the ultra-
sonic waves from adversary sonar detection and can also
provide noise 1solation (e.g., voice, engine, etc.) from within
the hull of the JUV.

JUV Modular Assembly Procedure

FI1G. 12 1s a diagram 1illustrating a bow and stern assembly
procedure of a J-Type Underwater Vehicle. The first step of
the modular JUV assembly can be assembling the bow and
stern portions of the JUV. For example, a bow or stern module
111 and a hull module 113 (e.g., buoyancy module 11 as
shown 1n FIG. 2) can be built and assembled 1n a manufac-
turing hangar or warchouse, remotely located from the ship-
yard or port. Both the bow or stern module 111 and the hull
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module 113 can be shipped to the port upon completion. After
the hull module 113 and the bow or stern module 111 are
connected together (e.g., by welding) then a hoist crane 1135
can be used to hoist the first module-bow combination into the
water of the port. In some implementations, each JUV hull
module can include hooks on each side and/or four corners for
case of repositioning using the strong hanging chains of the
crane 115. This first section of the JUV (e.g., the hull module
113 connected to the bow or stern module 111) can be held 1n
position using the crane 1135 so that the section tloats on the
water.

FI1G. 13 1s a diagram illustrating a modular hull unit assem-
bly procedure of a J-Type Underwater Vehicle. The second
step of the modular JUV assembly can be adding a JUV
module 121 next to the first portion (e.g., the hull module 113
and the bow or stern module 111 as described in FIG. 12)
being held on the water (e.g., by the crane 115). As noted
above, the JUV modules can be built and assembled 1n a
manufacturing hangar or warchouse, away from the shipyard
or port, and be shipped to the port upon completion. The
module 121 can be hoisted by an additional crane 122 and
held still right next to existing modules on the water.

FI1G. 14 1s a diagram illustrating an assembly procedure for
securing the connection between modular hull units of a
I-Type Underwater Vehicle. The existing line of modules
(e.g., the bow or stern module 111 connected to the buoyancy
module) can be lifted up by the associated crane 115 and held
at an angle. Additionally, the module to be added to the JUV
assembly (e.g., module 121) can also be lifted up by the
second crane 122 and held at the same angle as the existing
line. The existing line of modules can be easily lifted up at an
angle on the water because of the buoyancy of the modules.
The connecting area can be positioned above the water by the
cranes for the technicians to tighten the connecting hardware
(e.g., as described 1n FIG. 6). In this manner, for example, a
technician can tighten all of the nuts and bolts 131 on the edge
of the module. Next, atechnician can tighten up the reinforce-
ment module connector 133 to further secure the connection
and to improve the JUV total hull structural integrity (e.g., as
described in FIG. 7). Any number of additional modules can
be added to the JUV 1n this manner, followed by the ending
bow or stern module to complete the JUV assembly.

Once a complete JUV modular hull has been assembled
according to the steps illustrated 1n FIGS. 12 through 14, FIG.
15 1illustrates an assembly procedure for adding propulsion
propellers to a J-Type Underwater Vehicle. The entire JUV
assembly can be rotated upside down, using the two hoist
cranes 115, 122 to install a set of propulsion propellers 124
and a supporting frame 126 on the bottom side of the JUV. In
this manner, the technicians can install the propellers 124 and
the frame structure 126 on the JUV above the water.

FI1G. 16 1s a diagram illustrating a procedure for rotating an
assembled J-Type Underwater Vehicle. Once the propulsion
propellers have been installed, the JUV can be rotated again
so that the propellers are below the water. In some implemen-
tations, the JUV can be caretully rotated in 45 degree incre-
ments by adjusting the lengths of the two chains of the one or
more hoist cranes (e.g., crane 115) 1n use. After rotating the
JUYV, a technician can open each modular section of the hull
(e.g., as described 1n FIG. 4) to enter the redundant manifold
pipeline system. Within each modular connection area 135, a
technician can complete the JUV assembly procedure by
interconnecting the pipes, hoses, and/or conduits (e.g., as
shown 1n FIG. 8).

In some implementations, one or more of the assembly
steps described within FIGS. 12 through 16 can be used when

reconfiguring a JUV unit. For example, 1n the event of dam-
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age to one or more modules, the damaged module(s) can be
replaced at dockside for quick turnaround to redeployment. In
another example, a JUV unit can be reconfigured for a differ-
ent mode of operation (e.g., replacing one style weaponry
module with another, installing a crew cabin module, etc.) by
swapping individual modules out at dockside.

Detailed Design of JUV Modules

FIGS. 17 through 24 describe in detail particular types of
modules which can be included within the assembly of a JUV,

Certain modules, such as a buoyancy module, are integral to
the functionality of the JUV. Other modules, such as a weap-
onry module, are optional based upon the desired configura-

tion of the JUV. The modules described 1in FIGS. 17 through
24 are examples of potential modules. More, fewer, and/or
different modules may be used when designing and assem-
bling a module-based JUV. In some implementations, the
functionality of two or more different modules may be
included within a single module space.

As shown in FIG. 17, a block diagram 1illustrates a bow and
stern module of a J-Type Underwater Vehicle. As noted pre-
viously, the JUV can have a symmetric bow and stern design,
so that the bow and stern are substantially the same. There-
fore, the details described herein, referenced as the bow for
simplicity only, can pertain equally to the bow and stern
portions of the JUV. An active and passive sonar system 161
1s located at the tip of the bow. A light and/or camera sensor
can optionally be added at the tip of the bow as well (e.g., for
signaling communication and visual navigation).

A USPECM wheel-based actuator 163 1s individually
mounted on each rudder for steering control. A bi-directional
arrow denotes the USPECM 1nterface 1635 with the remainder
of the JUV. The USPECM 1nterface 165 1s DC-power fed and
Ethernet-based. If there are multiple USPECM devices 1n a
module (e.g., the bow or stern module, buoyancy module,
etc.), a USPECM Ethernet switching system can be provided
(described 1 FIG. 54). The Ethernet interface, in some
examples, can be copper-based twisted pair (e.g., 10/100/
1000 Base-T Gigabit Ethernet (GbE) or 10/100Base-TX) or
fiber optic Ethernet.

FIG. 18 1s a block diagram 1illustrating a buoyancy module
of a J-Type Underwater Vehicle. The buoyancy module pro-
vides submerge and resurface capability for the JUV. In some
implementations, for example, two buoyancy modules can be
balanced at either end of the JUV (e.g., buoyancy modules 11
as shown 1n FIG. 2) to provide even buoyancy control to the
JUV.

The buoyancy module includes a set of upper air holes 171
along the sides of the module. The buoyancy module addi-
tionally includes a set of lower air holes 173, positioned along
the bottom of the buoyancy module. While submerging, the
upper and lower air holes 171, 173 are opened so that water
can fill the buoyancy module. After filling, the air holes 171,
173 are closed. Until the point of neutral buoyancy 1s reached,
all of the air holes 171, 173 can remain closed while the JUV
submerges to any depth 1n the water (e.g., to depths associated
with pressure rated limits determined by manufacturing
choices).

While surfacing, high pressure air can be mtroduced nto
the buoyancy module(s) (e.g., provided by the pressured air
module 19 as shown 1n FIG. 2). In some implementations,
only the lower air holes 173 are open to the water during
surfacing. In this manner, the water 1n the buoyancy module
can be squeezed out by the pressurized air and the JUV will
lift. The lower air holes 173 provide more emergence force
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because the water within the buoyancy module 1s forced 1n a
downward direction by the pressurized air filling the buoy-
ancy module.

In some 1implementations, an individual air hole can be
controlled by a USPECM wheel-based actuator 177, which
can be attached to a common off-the-shelf valve 175. For

example, the valve 175 can be a 90 degree angle ball valve
with a 600 ps1 rating. Selection of the style of valve 175, for
example, can be made based upon reduced material cost. In
other implementations, a single USPECM controller (e.g.,
wheel-based actuators, etc.) can be used to control the posi-

tion of more than one air holes 171, 173 (e.g., a row of air
holes, a cluster of four air holes, etc.). A USPECM wheel-
based actuator 174 can also be used to control a high pressure
air valve 176. The high pressure valve 176 can be any com-
mon off-the-shelf valve. In some implementations, the high
pressure valve 176 can be designed using an off-the-shelf
pneumatic valve.

A common off-the-shelf high pressure air compressor 172
provides pressurized air to the buoyancy module. The pres-
surized air 1s provided through the high pressure pipe from the
air compressor within the pressurized air module 19 (e.g.,
described 1n FIG. 20). The high pressure pipe, for example,
can be routed to the buoyancy module through the manifold
pipes, conduits, and/or payload space 43 (as shown in F1G. 4).
The modular connection working area 47 provides a space
where a technician can enter between assembled modules to
install the redundant manifold pipeline system in the modular
connection. A bi-directional arrow 1llustrates a main
USPECM interface 179 for the buoyancy module. The
USPECM mterface 179, for example, provides power and
control signals to the USPECM actuators 174, 177.

FI1G. 19 1s a block diagram 1illustrating a weaponry module
of a J-Type Underwater Vehicle. The weaponry module (e.g.,
weaponry module 12 as shown 1n FIG. 2) can provide the JUV
with the capability of storing and launching torpedoes and/or
missiles. A first configuration of the weaponry module
includes a set of angled launch tubes 191. The angled launch
tubes 191 can be designed for launching any size of weap-
onry. In some implementations, angled launch tubes 191 are
used to support the length of large sized weaponry.

A second configuration of the weaponry module includes a
set of vertical launch tubes 192. The vertical launch tubes 192
can be designed for launching any size of weaponry. In some
implementations, angled launch tubes 191 and vertical launch
tubes 192 can be combined to support varying sizes ol weap-
onry. For example, two rows of vertical launch tubes 192
could be arranged on the outside of the weaponry module,
while a single row of angled launch tubes 191 could be
arranged down the center of the weaponry module, to support
both larger and smaller weapon launching.

At the top surface of the weaponry module, a USPECM
autonomous cap 190 (e.g., described 1n FIGS. 57-59) seals
the exit opening for each launch tube. A bi-directional arrow
denotes the main USPECM interface 193 for the weaponry
module. A USPECM pneumatic valve 193 can provide the
triggering for a launch tube 191, 192. For example, the
USPECM pneumatic valve 193 can open to allow pressurized
air in (e.g., from the pressured air module as described 1n FI1G.
20). The pressurized hair can be used to push the weapon
(e.g., torpedo or missile) out of the launch tube 191, 192. The
USPECM 1nterface 195 can provide the final programming to
the torpedo and/or missile before launch. Additionally, the
USPECM 1nterface 1935 can provide storage status monitor-
ing of the weapons housed within the weaponry module. The
modular connection working area 47 provides a technician
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with a space to enter into when installing or maintaining the
redundant manifold pipeline system in the modular connec-
tion.

FIG. 20 1s a block diagram illustrating an air module of a
I-Type Underwater Vehicle. The air module (e.g., pressured
air module 19 as shown 1n FIG. 2) provides the storage of high
pressure air for various functions, icluding the buoyancy
module, diesel/gas engine module, torpedo/missile launch
within the weaponry module, and fresh breathing air for the
crew within the crew cabin module. Fresh air can be intro-
duced mto the JUV from a Fixed Wireless communication
Periscope (FWP) 187 (as described in FIGS. 31 through 35)
or a Retractable Snorkeling System (RSS) 186 (as described
in FIGS. 36 and 37) with a winch 188. When the RSS 186 1s
in use, for example, a USPECM cap 181 1s opened within the
top of the air module to release the RSS 186 float.

The air module includes a high pressure air container 182.
In some 1implementations, the high pressure air container 182
can be a common ofi-the-shelf circular column which fits mto
the square JUV air module space. The air container 182, for
example, can be rated to hold air which is pressurized to a
ratio which allows for high-speed triggering of underwater
weaponry such as torpedoes or missiles.

Air coming from the FWP 187 or the RSS 186 enters an air
filter 185. The air filter 185 removes moisture from the air.
Next, the dehumidified air enters a high pressure air compres-
sor 180. In some implementations, the air compressor 180 1s
a common olif-the-shelf air compressor unit. The pressurized
air enters the high pressure air contaimner 182 through a com-
mon off-the-shelf pneumatic valve 183. The pneumatic valve
183 1s controlled by a USPECM actuator 184. The USPECM
actuator 184 releases the pneumatic valve 183 to transfer
pressurized air from the air compressor unit 180 to the high
pressure air container 182. The pneumatic valve 183 then
holds the pressurized air in the high pressure air container

182.

The USPECM actuator 184, air compressor 180, and
winch 188 receive commands via a set of USPECM 1nterfaces
198. The commands are relayed to the individual devices
(actuator 184, air compressor 180, and winch 188) from a
USPECM main mterface 189 through a USPECM concentra-
tor/switch 194. The USPECM concentrator/switch 194
routes USPECM device communications to and from the
USPECM command control.

FIG. 21 1s a block diagram 1llustrating a command, control
and communication (C3) module (e.g., C3 module 135 as
shown in FIG. 2) of a J-Type Underwater Vehicle. Various
modes of operation for the JUV can include autonomous
mode, fiber-optic remote control (FRC) mode, wireless
remote control (WRC) mode, or crew manual mode. The
configuration of the C3 module can, 1n part, be determined
upon the desired operational mode.

A bi-directional arrow 1llustrates a main USPECM inter-
face 200 for the C3 module. The USPECM command control

1s included within the C3 module. A USPECM distributed
Ethernet switching system 205 provides a main interface for
controlling a set of USPECM actuators 213 (e.g., the rudder
actuators 163 as shown 1in FIG. 17, the water hole actuators
177 as shown in FIG. 18, etc.). The USPECM distributed
Ethernet switching system 2035 also controls a set of
USPECM sensors 210 (e.g., temperature sensors, light or
camera sensors, weaponry launch tube monitoring sensors,
valve pressure sensors, oxygen level sensors, etc.). A
USPECM 1nterface 1s additionally provided for a three-axis
digital compass 215. The three-axis digital compass 215, for
example, can be a common-ofi-the-shelf compass capable of
providing accurate readings within three dimensions.
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The USPECM distributed Ethernet switching system 205
provides a main interface for controlling a retractable wire-
less communication periscope system (RWPS) electronics
interface 202. The RWPS can be housed, for example, with an
RWPS area 218 of the C3 module. The RWPS includes a float
203. The float can be released, for example through a
USPECM autonomous cap 201 at the top of the RWPS area
218 of the C3 module. An RWPS winch 206 can be used to
control the release and re-stowing of the RWPS float 203.
When the JUV 1s enabled to run in FRC mode, a fiber optic
link 207 connects the USPECM distributed Ethernet switch-
ing system 205 to both the RWPS electronics interface 202
and a fixed wireless communication periscope (FWP) 208. In
some 1mplementations, the FWP 208 1s housed within the air
module (e.g., FWP 187 as shown 1n FIG. 20).

When the JUV 1s enabled to be run by crew members, one
or more USPECM monitoring stations 217 can display status
information for the crew. For example, the USPECM monitor
stations 217 can provide data regarding the reading of the
digital compass 215, the state of the USPECM sensors 210,
the state of the USPECM actuators 213, and the functioming,
of the RWPS system. The crew can provide commands to
sensors 210, actuators 213, and/or the RWPS system through
the USPECM distributed Ethernet switching system 205
using one or more USPECM command and control input
devices 219. The command and control input devices 219, for
example, can include steering mechanisms, switches, but-
tons, joystick controls, a keyboard interface, and/or other
manual input devices.

A USPECM black box 220 collects detailed time stamped
entries of the entire journal recording including, but not lim-
ited to, information regarding the surveillance cameras, sen-
sors, engine room activities, and navigational readings. In a

catastrophic event, the USPECM black box 220 can be recov-
ered and read to determine the series of events which occurred
on the JUV.

FI1G. 22 1s a block diagram 1llustrating an engine module
(e.g., engine module 17 of FIG. 2) of a J-Type Underwater
Vehicle. The JUV can include, for example, an engine 230
based on diesel, gas, hydrogen, nuclear, electric, hybrid, or a
non-oxygen fuel for air-independent propulsion (AIP).
Although only one engine 230 1s illustrated in FI1G. 22, any
number of engines can be included within the engine module.
A fuel line 227 and an air hose line 226 lead to the engine 230.
The engine powers a transmission 229. The transmission
drives a propeller system 228. The propeller system (e.g., the
set of propulsion propellers 5, as shown 1n FIG. 1) 1s located
centrally beneath the hull. An optional muiller and carbon
dioxide (CO.,) storage and discharge area 233, for example
used with a diesel, gas, or hybrid engine, 1s shown segregated
from the main engine compartment of the engine module.

A set of acoustic celling material panels 231 can be used to
1solate the engine noise and prevent it from being transmaitted
out of the room, module, and/or hull, depending upon the
engine module configuration and/or the positioning of the
acoustic panel(s) 231. For example, with a diesel engine, the
acoustic ceilling material panels 231 could be mounted within
the engine room, separate from the muiller and CO, storage
and discharge area 233. A bi-directional arrow illustrates a
USPECM interface 225 for interfacing the USPECM sensors
and other devices used within the engine module with the
USPECM central monitor system.

FI1G. 23 1s a block diagram 1llustrating a crew cabin module
of a J-Type Underwater Vehicle. The crew cabin module (e.g.,
crew cabin module 15 as shown in FIG. 2) provides the living,
dining and sleeping space for the crew. A set of bunk bed
suites 252 provide the crew with sleeping area. A refrigerator
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246 can be used for food storage. The refrigerator 246 can be
placed on the bottom side of the module, 1n some 1mplemen-

tations, to increase the ballast capability of the module. A loft
area 248 can include a kitchen, living area, physical exercise
space, and bathroom.

In the case of emergency, a set of vertical launch tubes 240
cach contain an emergency escape capsule (EEC) for evacu-
ating the crew members. An AC/DC power feed 254 supplies
clectricity to the module (e.g., for refrigeration, etc.). A set of
acoustic ceiling material panels 231 can be installed on the
walls of the crew cabin module to prevent the crew’s noise
from being transmitted out of the room, module, or hull. A
bi-directional arrow 1llustrates a USPECM 1nterface 250 for
interfacing the USPECM sensors and other devices used
within the crew cabin module with the USPECM central
monitor system.

FI1G. 24 1s ablock diagram illustrating an oversized module
of a J-Type Underwater Vehicle. One or more JUV modules
can be built using an oversized design version to accommo-
date a large volume of payload. In some implementations, the
vertical space can be increased between the module connec-
tion areas 47. The modification of the oversized module
includes an angular structural design to maintain sonar
deflection.

Retractable Wireless Communications Periscope
System (RWPS) Design

FIG. 25 1s a block diagram illustrating an overview of a
retractable wireless communications periscope system

(RWPS) for use with a J-Type Underwater Vehicle. The
RWPS includes an RWP float 263, an RWP media wire 260,
and an RWP base 262. The RWP float 263 of the RWPS can
provide deep sea high speed wireless commumication and
visual surveillance capability for the JUV. A traditional peri-
scope 1s typically limited to 50 feet 1n length. In contrast, the
RWPS can provide up to one kilometer or more in periscope
length using the RWP media wire 260. The length of the RWP
media wire 260, 1n some examples, may be limited by float
buoyancy, media transmission speed (e.g., fiber optic or very
high bitrate digital subscriber line (VDSL)), and/or DC power
feed. The RWP base 262, 1n some examples, can be powered
by Power over Ethernet (PoE), VDSL with DC power over
Cat-5 cable, or 1000 Base-X with DC power. The RWP base
262 includes a winch and spool for the RWP media wire 260.
The RWP float 263 can be deployed by the JUV by releasing
the RWP media wire 260 using the winch and spool within the
RWP base 262. While the RWP float 263 1s deployed, 1n some
examples, the JUV can communicate 1in a wireless manner
with surrounding JUV units and/or a control base (e.g., air
craft carrier, nearby 1sland control unit, etc.). During RWP
tfloat deployment, the JUV can also survey surface images.

FIG. 26 1s a block diagram 1llustrating a retractable wire-
less communication periscope float for use with a J-Type
Underwater Vehicle. The RWP float (e.g., RWP tloat 263 as
shown 1n FI1G. 25) provides the buoyancy for the RWPS on the
surface of the water. The RWP float 1s tethered to the JUV by
the media wire 260. The RWP float includes RWP float elec-
tronics 264 for controlling the peripheral units (e.g., one or
more communications antennas, sensors, etc.) of the RWP
float.

The RWP float includes a wireless communications
antenna 272. The wireless communications antenna 272, in
some examples, can enable communication between the JUV
and a command base or JUV peer using WiMAX 802.16,
Satellite, and/or WiF1 802.11 wireless communication stan-
dards. A global positioning system (GPS) antenna 274
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enables GPS reception for positioning reading. One or more
camera lenses 270 can provide omni-directional surveillance.
One or more beacons 276 (e.g., tlash light emitting diodes
(LEDs), etc.) can be used to provide a visual indicator on the
surface (e.g., to verily position during remote control deploy-
ment). A hydrophone 268 can be used, for example, to detect
an approaching object, such as a vessel, during the deploy-
ment of the RWP float. A three-axis digital compass 266 can
be used for RWP tloat orientation.

FI1G. 27 1s a block diagram 1llustrating a base design for the

retractable wireless communication periscope tloat 263 used

with a J-Type Underwater Vehicle. The RWP base 262 (as
shown 1n FIG. 25) provides the winch function for the RWP
float 263. The RWP base enclosure 289 includes a winch 282
and a USPECM winch controller 283. The media wire 260 1s
spooled on the winch 282. When the RWP float 1s deployed,
an RWP base electronics unit 280 within the RWP base enclo-
sure 289 provides a command to open a USPECM autono-
mous cap 284 (described 1n FIGS. 57 through 59).

The electronics unit 280 then commands the winch con-
troller 283 to release media wire 260 from the winch 282. The
clectronics unit 280 1s powered by a DC power unit 286. The
DC power unit 286 provides the power required for the entire
RWPS. A bi-directional arrow 1llustrates a USPECM 1nter-
face 287 between the RWP base enclosure 289 and the
USPECM central monitor (e.g., the USPECM distributed
Ethernet switching system 205 as shown in FIG. 21).

FIG. 28 1s a block diagram illustrating an electronics
design for the retractable wireless communication periscope
float used with a J-Type Underwater Vehicle. As 1llustrated 1in
FIG. 26, the RWP float electronics 264 can provide control for
a number of peripherals, including but not limited to one or
more wireless communications antennas 272, the GPS
antenna 274, camera lenses 270, the hydrophone 268, the
beacon 276, and/or the three-axis digital compass 266. The
RWP float 1s tethered by the RWP media wire 260.

Within the electronics 264, a Field Programmable Gate
Array (FPGA) or Application Specific Integrated Circuit
(ASIC) 300 provides the main electronics control for the
FWP tloat peripherals. The FPGA/ASIC 300, 1n some imple-
mentations, can be designed as a system on chip (S0C). The
FPGA/ASIC 300 can be designed to implement the orthogo-
nal frequency-division multiplexing (OFDM) wireless com-
munication processing, Joint Photographic Experts Group
(JPEG) and/or Moving Picture Experts Group (MPEG) com-
pression processing and Fthernet media access control
(MAC) communication processing.

The FPGA/ASIC 300 receives DC power from a
DC-power extraction and conversion unit 308. The
DC-power extraction and conversion unit 308 extracts DC
power from the media wire 260 and converts to one or more
DC power levels as required by the RWP float electronics
264. The FPGA/ASIC 300 communicates with the RWPS
base through an Ethernet buffer 310. The Ethernet buffer 310
provides bulfering between the media wire 260 and a digital
Ethernet interface 303. The Ethernet butfer 310 1s connected
between the media wire 260 and a digital Ethernet interface
303 of the FPGA/ASIC 300. The digital Ethernet interface
303 provides physical layer independent connectivity from
the FPGA/ASIC 300 to the JUV network controller. The
digital Ethernet interface 303, in some examples, can be a
Media Independent Interface (MID, Reduced Media Inde-
pendent Interface (RMII), Gigabit Media Independent Inter-
tace (GMII), or a Reduced Gigabit Media Independent Inter-
tace (RGMII).

The FPGA/ASIC 300 1s 1n bi-directional communication
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Wik1, satellite, etc.). A WiMAX communications antenna, for
example, can provide long range communications of up to
thirty-five miles using the WiMAX 802.16 communications
protocol. A WiF1 communications antenna, on the other hand,
can provide short range communications ol approximately
two hundred meters using the WikF1 802.11 commumnication
protocol. In other implementations, the wireless communica-
tions antenna 292 may be a satellite communication antenna.
A wireless low noise amplifier (LNA) 298 provides amplifi-
cation to the signals provided to and from the wireless com-
munications antenna 292. The FPGA/ASIC 300 also receives
communications from a GPS antenna 294. A GPS LNA 296
provides amplification to the signals provided from the GPS
antenna 294.

The FPGA/ASIC 300 receives mput from one or more
image sensors 290 (e.g., charge-coupled device (CCD),
complementary metal-oxide-semiconductor (CMOS), etc.).
The 1image sensors 290 are connected to the lenses 270. In
some 1mplementations, the image sensors 290 are black and
white sensors. Using the input from the image sensors 290, in
some examples, the FPGA/ASIC 300 can process the infor-
mation mto JPEG or MPEG compressed image format. The
FPGA/ASIC 300 additionally recerves readings from the
three-axis digital compass 266, the hydrophone 268, and the
beacon 276.

FIG. 29 1s a block diagram illustrating various Ethernet
butlers which could be used 1n the electronics of the retract-
able wireless communication periscope float. In a general
configuration, the Ethernet buffer 310 and the DC-power unit
308 are installed between the media wire 260 which tethers
the RWP float to the JUV and the digital Ethernet interface
303 which imterfaces with the RWP float electronics (e.g.,
float electronics 264 as shown 1n FIG. 28). The DC-power
unit 308 derives power from the media wire 260 to power the
RWP float electronics. The DC-power unit 308 can provide
any number of voltage levels as required by the RWP float
clectronics (e.g., +3V, +3V, etc.). Depending upon the type
media wire 260 used, different types of Ethernet buffers 310
and/or DC-power units 308 may be selected for optimal func-
tionality.

In a first exemplary configuration, the media wire 260 1s
shown as a Cat-5 Ethernet cable 312 with a maximum length
PoE transmission of 100 meters. A common oif-the-shelf
Ethernet switching ASIC 314, such as a 100 Base-TX PHY
buifer (e.g., Kendin-KS8993X A available through Micrel,
Inc. of San Jose, Calif.) 1s provided as the Ethernet buifer 310.
A DC-Power unit 316 interfaces with the Ethernet switching
ASIC 314 to derive power from the Cat-5 Ethernet cable 312.
The Ethernet switching ASIC 314 provides bullering
between the Cat-5 Ethernet cable 312 and the digital Ethernet
intertace 303 (e.g., MII, RMII).

In a second exemplary configuration, the media wire 260 1s
shown as a Cat-5 Ethernet cable 318 with a maximum length
Ethernet over VDSL transmission of 4 kilometers. A common
off-the-shelf Ethernet over VDSL ASIC 320 (e.g., Infineon
PEF22827 available through Infineon Technologies of
Munich, Germany) 1s provided as the Ethernet buifer 310. A
DC-Power unmit 322 interfaces with the Ethernet over VDSL
ASIC 320 to derive power from the Cat-5 Ethernet cable 318.
The Ethernet over VDSL ASIC 320 provides bulfering
between the Cat-5 Ethernet cable 318 and the digital Ethernet
interface 303 (e.g., MII, RMII).

In a third exemplary configuration, the media wire 260 1s
shown as a single mode fiber cable added to a DC power line
324 with a maximum length 1000Base-X transmission of 10
kilometers. A common ofl-the-shelf Gigabit Ethernet switch-
ing ASIC 326 (e.g., available through Marvell Technology
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Group Limited of Santa Clara, Calif. or Vitesse Semiconduc-
tor Corporation of Camarillo, Calit.) 1s provided as the Eth-
ernet builer 310. A DC-Power unit 328 interfaces with the
GbE switching ASIC 326 to dertve power from the single
mode fiber cable plus DC power line 324. The GbE switching,
ASIC 326 provides bullering between the single mode fiber
cable plus DC power line 324 and a digital Ethernet interface
330 (e.g., RGMII, GMII).

FI1G. 30 15 a block diagram 1llustrating electronics designs
incorporating the various Ethernet bulfers for use in the elec-
tronics of the retractable wireless communication periscope
float. The RWP base electronics (e.g., RPW base electronics
280 as shown 1n FI1G. 27) provide the USPECM 1nterface and
DC power for the RWP tloat deployment peripherals (e.g., the
RWP media wire 260, winch controller 283, and winch 282 as
shown 1 FIG. 27). The source USPECM interface 287 (as
shown 1n FI1G. 27) 1s illustrated 1n FIG. 30 as interfacing with
various exemplary Ethernet buffer configurations to provide
communications for the USPECM control signals to and from
the RWP base electronics.

In a first exemplary configuration, the USPECM interface
287 mterfaces with an Ethernet buffer/switch 332. The DC-
power unit 286 (as shown in FIG. 27) dertves power from the
CAT-5 Ethernet cable 312 (as shown 1n FIG. 29) to power the
Ethernet buifer/switch 332 and the RWP base electronics. In
addition to a DC-Power unit 286, a local DC power source
343 can be provided as a backup local DC power. For
example, the local DC-power source 343 can be used if the
DC-Power unit 286 cannot provide enough DC power to
power the various electronics within the RWP base. An Eth-
ernet physical layer transceiver (PHY ) 338 implements the
physical layer (e.g., 100Base-TX, etc.).

In a second exemplary configuration, the USPECM inter-
face 287 interfaces with an Ethernet over VDSL butfer 334.
The DC-power unmit 286 derives power from the CAT-5 Eth-
ernet cable 318 (as shown 1n FIG. 29) to power the -

Ethernet
over VDSL buffer 334 and the RWP base electronics. A PHY
340 implements the physical layer (e.g., EoOVDSL, etc.).

In a third exemplary configuration, the USPECM nterface
287 mterfaces with an Ethernet buffer/switch 336. The DC-
power unit 286 derives power from the single mode fiber

cable plus DC power line 324 (as shown 1n FIG. 29) to power
the Ethernet butfer/switch 336 and the RWP base electronics.

A PHY 342 implements the physical layer (e.g., GbE PHY,
etc.).

Fixed Wireless-Communications Periscope (FWP)
and Snorkel System Design

The JUV FWP provides a simple alternative to the RWPS
(e.g., as described 1n FIGS. 235 through 30). The FWP can be
a long pole stowed tlat against the hull of the JUV while not
in use. When the JUV 1s submerged within the FWP pole
length (e.g., equivalent to a typical periscope length), the
FWP can be elevated to the surface to perform periscope
functionality, wireless communication functionality and/or
snorkeling functionality.

As shown 1n FIG. 31, a block diagram 1llustrates a fixed
wireless communications periscope (FWP) with a snorkel
system. The FWP includes a pole 344 with a tip 342. While
submerged and cruising, the pole 344 is stowed at a 0 degree
angle 348 to the hull of the JUV. The FWP tip 342 extends off
the end of the stern of the JUV. As the pole 344 1s lifted to the
surface, i1t 1s shown at a 30 degree rising position 346 and

again at a full upright 90 degree position 350. Within the 90
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degree position 350, for example, the FWP 1s ready to per-
form the periscope, wireless communications, and/or snor-

keling tasks desired.

FIG. 32 1s a block diagram illustrating a fixed wireless
communications periscope with a snorkel system and fiber
optic remote control. An advanced FWP 352 can be designed
based onthe FWP 342 (as described in FIG. 31) by adding the
snorkeling function and fiber optic remote control function. A
fiber optic link 354 1s shown extending from the tip of the
advanced FWP 352 (e.g., at the top of the pole 344).

FIG. 33 1s a block diagram 1illustrating a mechanical struc-
ture of a fixed wireless communications periscope with a
snorkel system. Raising the FWP pole 344, which may typi-
cally be about 15 meters long, can be heavy work. A balanced
weight 362 can be added on the JUV-end of the pole 344 to
balance the weight of the FWP pole 344. A low torque worm
gear 360, for example, can be used to control the raising and
lowering of the FWP pole 344,

Within a first configuration, a standard FWP 342 1s shown
at the end of the pole 344. Within a second configuration, an
advanced FWP 352 1s shown. The advanced FWP 352
includes a fiber optic connector (e.g., 10 GbE, 1 GbE, etc.).
The fiber optic connector can be plugged into a fiber cable to
enable remote control functionality of the FWP system.

FIG. 34 1s a block diagram 1illustrating a tip of a fixed
wireless communications periscope. The design of the FWP
tip (e.g., tip 356 as 1llustrated 1n FI1G. 33) can be similar to that
of the RWP float (as illustrated 1n FIG. 25). An air hole 364
with a USPECM valve actuator 366 may be included in
addition to the RWP float peripherals (e.g., wireless antenna
272, GPS antenna 274, camera lenses 270, beacon 276,
hydrophone 268, and three-axis compass 266).

The air hole 364 and actuator 366 can enable snorkeling
functionality. An air hose 370 provides a pathway for fresh air
from the RWP tip to the JUV air module (e.g., air module 19
as shown 1n FIG. 2 and described 1n FIG. 20). A conduit for
the air hose 368 can be included within the FWP pole 344.

An FWP electronics module 367 can control the peripher-
als included within the FWP tip. Additionally, the FWP elec-
tronics module 367 can relay control mnformation to a hori-
zontal rotator 376 and a vertical rotator 378. The horizontal
rotator 376 and the vertical rotator 378, for example, can each
rotate the FWP tip up to 90 degrees for better wireless com-
munication and periscope surveillance. The FWP pole 344
can provide a conduit for the FPW USPECM interface 269,
and a fiber optic communication line 374. The fiber optic
communication line, for example, can communicate with a
fiber optic communication connector 372 (e.g., for remote
control purposes).

FIG. 35 1s a block diagram 1llustrating an electronics layout
within the tip of a fixed wireless communications periscope.
The FWP tip electronics can be similar to that of the RWP
float electronics (e.g., as illustrated 1n FIG. 28). In addition to
the RWP float electronics layout, a vertical rotation motor
controller 382 and a horizontal rotation motor controller 384
can be added to the FPGA/ASIC 300 to control the horizontal
rotator 376 and the vertical rotator 378 (as described 1n FIG.
34). A valve controller 386 can also be added to the FPGA/
ASIC 300 to control the actuator 366 for the air hole 364 (as
described in FI1G. 34).

Retractable Snorkeling System (RSS) Design

FIG. 36 1s a diagram 1llustrating a retractable snorkeling
system (RSS). The RSS can be designed similar to the RWPS
(e.g., as described 1n FIGS. 25 through 30). The RSS includes
an RSS float 390 which can be released to the surface of the



US 8,677,920 Bl

21

water. The RSS float 390 1s connected to an RSS base 394
stowed within the JUV. A light weight air hose 392 with a

USPECM terface (e.g., conduit within or beside the air
hose) tethers the RSS float 390 to the RSS base 394.

FIG. 37 1s a block diagram illustrating a float and base
design of a retractable snorkeling system. The RSS float 390
1s tethered to the RSS base enclosure 394 using the air hose
392. The RSS base enclosure 394 includes a winch 188. The
air hose 392 can be extended and retracted by the JUV using
the winch 404. The air hose 392 terminates at an air filter 406.
The air filter, for example, can remove the humidity from the
air provided by the RSS float 390. In some implementations,
the air filter 406 can be replaced by the external air filter 185
(as shown 1n FIG. 20) within the air module 19 (as shown 1n
FIG. 2).

Within the RSS float 390, an air inlet opeming 400 provides
fresh air to the air hose 392. A USPECM valve 398 controls
access to the air inlet opening 400. The USPECM valve 398,
one or more camera lenses 396, and any other desired periph-
erals (e.g., hydrophone, 3-axis digital compass, etc.) can be
controlled by an RSS float electronics module 402. The RSS
float electronics module 402 interfaces with a USPECM
interface 403 (e.g., PoE, EoOVDSL, GbE, etc.). The USPECM
interface 403, for example, can be included within a conduit

within the air hose 392 or alongside the air hose 392 to deliver
USPECM communications to and from the RSS float 390.

Micro-Second Synchronized Power Ethernet Control
& Monitoring (USPECM) System Design

The USPECM system can be designed for autonomous,
remote controlled, or manual operation of vehicles or vessels.
The USPECM system includes intelligent sensors that can be
controlled, monitored, and recorded. Simple commands can
be used to navigate the vehicle, and all the communications
can be Ethernet based. The power required by the USPECM
devices, 1n some 1implementations, can utilize the Power over
Ethernet standard 802.3af as much as possible. All of the
USPECM electronic devices can be based on ASIC or FPGA
design. The ASIC or FPGA design strategy can consume less
than a tenth of the power compared to similar systems based
on a personal computer or printed circuit board (PCB) hard-
ware design.

The USPECM system can utilize the broadcasting feature
of Ethernet/802.3, in some implementations, to synchronize
all the USPECM devices at the micro-second level. Further-
more, by using only the third layer of the Open Systems
Interconnection Reference Model (OSI) protocol stack
throughout the system, the USPECM system can provide
more direct and efficient device management while maintain-
ing micro-second level synchromization. A unique USPECM
router provides multiple command control stations. A central
monitor router can provide multiple system monitor stations.
The USPECM Ethernet MAC address assignment scheme
can provide a simple method for implementing an FPGA-
based organized monitoring system. Central control of the
USPECM system, including the command control stations,
central monitor router, and system monitor stations, can be
included within the C3 module of the JUV (as 1llustrated 1n
FIG. 21).

FIG. 38 1s a logic diagram illustrating a micro-second
synchronized power Ethernet control and monitoring system.
The USPECM system 1s controlled by a distributed powered
Ethernet switching system 416. The Ethernet switching sys-
tem 416 includes a set of USPECM interfaces 448 to each
device or subsystem. The devices which include USPECM

interfaces 448, for example, can include a periscope device
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432 (e.g., RWPS, FWP) and/or a snorkel device 434 (e.g.,
RSS). The subsystems which include USPECM interfaces
448 can include, for example, a sonar and external sensor
subsystem 436, an actuators and sensors control subsystem
438, an engine sensor and control subsystem 440, a naviga-
tional control subsystem 442, a buoyancy control subsystem
444, and/or an other sensors subsystem 446 (e.g., weaponry
status sensors, oxygen sensors, temperature sensors, €tc. ).

The collective data recerved from the devices and sub-
systems connected by the USPECM interfaces 448 can be
routed to an Ethernet MAC router 412 along a collective data
connection 430. The Ethernet MAC router 412 1n turn routes
the collective sensor and device data to a central monitor
router 414 over a collective data connection 426. The central
monitor router provides the collective data to a series of
system monitoring stations 420 via one or more monitoring,
station connections 415. For example, the system monitoring
stations 420 can provide a graphical user interface (GUI)
alerting crew members to the conditions detected by the vari-
ous sensors and devices. The central monitor router also
provides the collective data to a black box 418 via a black box
connection 417. The black box 418 maintains time-stamped
records regarding the conditions detected by the USPECM
system through the various sensors, actuators, and/or devices.

A series of central command/control stations 410 can be
used to provide control inputs to the subsystems and devices
connected to the Ethernet switching system 416. The central
command/control stations 410 can include GUI stations
within the JUV and/or wireless command control input sta-
tions located a remote distance from the JUV (e.g., within an
aircraft carrier, on a nearby island, etc.). Commands 1ssued at
one or more of the central command/control stations 410 are
routed through the Ethernet MAC router 412 over a command
connection 422.

The Ethernet MAC router 412 can relay the commands to
the Ethernet switching system 416 over a command connec-
tion 428. The Ethernet switching system can then relay each
command to the appropriate device(s) and/or sensor(s). In
addition, the Ethernet MAC router 412 can relay the com-
mands to the central monitor router over a command connec-
tion 424. The central command router can provide the com-
mands to the black box 418 for journal records and/or to the
system monitoring stations 420.

FIG. 39 1s a block diagram 1illustrating an exemplary com-
mand and control data flow of micro-second synchronized
power Ethernet control and monitoring system. The
USPECM system receives a set of commands 450 from a
human interface (e.g., within the JUV or via a remote con-
nection) and/or through autonomous scripts. The resultant
state achieved by the commands 450 can be viewed using a
GUI 454 realized by the one or more system monitoring
stations 420. The USPECM datagram, 1n some implementa-
tions, can be based on the Ethernet/802.3 communications
protocol.

Most of the USPECM datagrams, for example, originate
from the multiple intelligent sensor devices (e.g., oxygen
sensors, temperature sensors, sonar and camera sensors,
weaponry sensors, etc.). The quantity of imtelligent sensor
data 456 can be reduced when the sensor device 1s operating
in a normal steady state. For example, during operation within
a normal, expected operating range, each sensor can provide
periodic compressed data updates with time-stamped sensor
readings. When the status of a sensor changes or exceeds a
threshold value, the sensor can provide immediate feedback
to the USPECM system.

Central command and control data 452 can include unicast
packets, broadcast packets, and router address learning pack-
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ets. The unicast packets are targeted to a specific device or
subsystem. In some examples, unicast packets can contain a
command for opening or closing a specific valve or for navi-
gating the steering of a rudder. Broadcast packets can be

issued for maintaining microsecond synchronization of °

USPECM devices. In some implementations, broadcast
packets can also be used to 1ssue emergency codes to all or a
subset of the USPECM devices and/or sensors. Router
address learning packets learn the individual MAC addresses
of the common ofi-the-shell Ethernet switching system. In
some 1mplementations, the addresses learned by the com-
mand and control data 452 can be stored 1n a routing table 453
within the central monitor router 414.

FI1G. 40 15 a block diagram illustrating a network protocol
stack comparison between a TCP/IP network and a 3-layer
media access control network. The International Organiza-
tion for Standardization (ISO) 7-layer networking topology 1s
a widely used international standard. The best example of the
ISO 7-layer network 1s the TCP/IP networking topology for
running the Internet. The TCP/IP networking topology 1s

used by common personal computer (PC) operating systems
(OS) (e.g., Windows by Microsott, Corp. of Redmond, Wash.
or the open source Linux OS). One drawback of TCP/IP 1s
that 1f there are many nodes 1n the network, 1t can be difficult
to guarantee a real-time application. Involvement of multiple
networking layers can require additional computation as
well, making 1t more difficult to ensure that the packets
arrived 1n time.

The network traffic pattern of the JUV differs from a typi-
cal TCP/IP network or Internet network. While a typical
Internet traific pattern has approximately a ten-to-one down-
loading to uploading ratio, most of the sensors within the JUV
are operating at the client side and generate the majority of the
system traflic as upload tratfic to the servers or central control.
Further, a limited number of commands are 1ssued from cen-
tral control to the clients (e.g., commands to open and close
valves, release and withdraw a periscope or snorkel, etc.).

TCP/IP Address Resolution Protocol (ARP) can add more
complication in managing the network. The ARP and RARP
(Reversed Address Resolution Protocol) provide translation
between an IP address 460 and an Ethernet MAC address.
Within a typical TCP/IP network many broadcast and/or mul-
ticast packets are involved 1n address resolution and routing
(c.g., ARP and RARP). The USPECM network, mstead, can
use an Ethernet MAC address 465 as the basis of the routing
table, circumventing this level of complication. In some
implementations, the USPECM network only allows the use
of a broadcast address for servers, which can control the
traffic and achieve the microsecond level synchronization.

A’7-layer implementation of the TCP/IP network 1s usually
based on PC hardware and PC operating system software
drivers, including PC OS peripheral drivers and PC hardware
peripherals, which can consume a lot of power. In compari-

son, the USPECM network can be designed based on an
ASIC/FPGA 463 as the hardware to implement a S-layer

network and firmware in the ASIC/FPGA 463 to drive the
user interface. In this manner, the power consumption of the
USPECM network can be much lower than a typical PC-
based TCP/IP network.

The graphical user interface 1n a TCP/IP network 1s usually
displayed upon a PC screen (e.g., computer monitor) which 1s
driven by a PC graphic card and standard PC OS software
drivers. This can consume a lot of power. The USPECM
network uses firmware 1n the ASIC/FPGA 463 to drive the
GUI output to a monitoring screen. The use of the ASIC/
FPGA 463 can save a lot power.
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FIG. 41 1s a block diagram illustrating an Ethernet MAC
addressing scheme for a USPECM system. The USPECM
network utilizes the Ethernet MAC address to route the data
packets to the proper destination. Additionally, the common
off-the-shelf Ethernet switch (e.g., Ethernet switching system
416 as shown 1n FIG. 38) can learn and route the Ethernet
packets according the source address and destination address.
The network administrator allows no two addresses be the
same, otherwise the whole network can become confused. To
better orgamize the USPECM network for monitoring and
recording, a MAC address scheme can be developed.

The basic topology of the USPECM network 1s based on a
hierarchy with a central control at the top. Most of the traific
patterns can be based on the data provided by the multiple
sensors. The sensor data 1s uploaded to the central control,
especially when an abnormal situation 1s encountered. On the
other hand, minmimal traffic 1s typically encountered due to
commands 1ssued from the command and control center (e.g.,
central command/control stations 410 as shown 1n FIG. 38).
For example, the data from video sensors can be large because
there may be hundreds of video sensors. To better distribute
the data from low layer sensors to the central control along the
data collection and monitoring route (e.g., the black box 418
and the system monitoring stations 420 as shown in FIG. 38),
a special MAC address scheme can be developed.

The traditional MAC address assignments are based upon
serial number; the USPECM MAC address assignments can
be based on device type. An Ethernet Mac address has 48-bits,
or 6 bytes: the 3 most significant bytes (MSB) 510 are
assigned to a company when registered, while the 3 least
significant bytes (LSB) or 24 bits are used for serial number
storage. Using this standard assignment, a company may
utilize a maximum of 22%=16,777,216 different Mac
addresses.

An exemplary USPECM MAC address assignment
method 1s described as follows:

The third byte 512 of the three LSB of the USPECM MAC
address can be used to represent a unique JUV fleet module
number by assigning the upper 4 bits (e.g., bits 5 through 8) of
the third byte 512 as the JUV tleet unit number and assigning
the lower 4 bits of the third byte 512 (e.g., bits 1 through 4)
with the JUV module type. In this manner, a total of fifteen
JUV units can be deployed within an intercommunicating
fleet, each JUV umit assembled using up to fifteen types of
JUV modules (e.g., bow module=1, buoyancy module=2,
weaponry module=3, air module=4, crew module=5, engine/
fuel module=6, stern module=7, central control module=S8,
etc).

The second byte 514 of the three LSB can be used to
represent the assignments for USPECM device types. Thus, a
total of 255 USPECM device types (based on 8 bits, 2°) can be
assigned (e.g., actuator device=1, valve and sensor device=2,
RWPS device=3, RSHS device=4, engine control device=5,
sensor device=6, sonar device=7, central control device=g,
etc.).

The first byte 516 of the three LSB can be used to represent
the assignments for device numbers for the same USPECM
device type and can also be used, 1n some implementations,
for the 1dentification of the physical location of the device on
the JUV.

FIG. 42 1s a block diagram illustrating a binary counter
scheme for use 1n a USPECM system. One of the purposes of
USPECM network 1s to synchronize all of the devices (e.g.,
sensors, subsystems, etc.) of the JUV at micro-second level.
Most semiconductors and/or microprocessors have an inter-
nal clock based on a crystal oscillator. The frequency and
phase of the crystal oscillator can drift due to temperature and
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age. The frequency stability deviation of crystal oscillators
can be expressed 1n parts per million (PPM). For example,
computers typically rely on crystal oscillators to provide the
internal clock for the computing system. Even within the
same part number (e.g., a 50 Mhz crystal oscillator provided
by a certain company), there can be discrepancies among,
these parts.

For example, the USPECM system can use a 50 MHz
crystal oscillator and a 52-bit binary counter for the real-time
system clock. The 52-bit binary counter can include a 24-bit
most significant binary counter (MSBC) 520 and a 28-bit

least significant binary counter (LSBC) 522. At 50 Mhz (or 20
nanoseconds per clock cycle), the LSBC can count up to 20
nsx2°°=20nsx268435456=5.3687 seconds. Additionally, the

MSBC can count the LSBC up to 1042.5 days, which can be

enough for a mission for the JUV. In some implementations,
more bits can be added to the MSBC to increase the maximum

counter duration beyond 1042.5 days.

The USPECM system can use the LSBC within the central
command system clock to synchronize the whole USPECM
system every 5.3687 seconds. In some implementations, a
synchronization command can be broadcast using the Ether-
net Switching Layer. Due to the three-layer MAC network
design (as described in FI1G. 40), this time synchronization
command should arrive at all devices at exactly the same time
as long as no command 1s currently queued ahead of the
synchronmization command. Each USPECM device can, 1n
turn, respond to the synchronization command by resetting
the LSBC and updating the MSBC of the device to reflect the
MSBC value contained within the synchronization com-
mand.

Further, the USPECM sensor/actuator devices can report

their status with a USPECM time-stamping counter: a Time
Stamp Binary Counter (TSBC) 524. The TSBC includes an

upper 40-bit value based upon the USPECM 32-bit binary
counter. The TSBC can be created by combining the 24-bit
MSBC with the upper 16-bits of the LSBC. The TSBC can
represent the real-time clock at a 100 us level of precision
because the greatest deviation of a crystal oscillator can be 20
ppm: 20 nsx20 ppmx2°=102400 ns=102.4 ps.

To reach a higher precision, 1n some implementations the
USPECM system can be designed to use a higher frequency
crystal oscillator (e.g., 100 MHz). In this manner, more fre-
quent synchronization commands can be 1ssued (e.g., every
1.2 second) which can in turn achieve a 12.8 us level synchro-
nization.

FIG. 43 1s a set of flow diagrams illustrating a micro-
second level synchronization algorithm foruse in a USPECM
system. A synchronization command 1s 1ssued. In some
implementations, the synchronization command can be
issued each time the LSBC rolls over. For example, the
USPECM command and control center can 1ssue a synchro-
nization command every 5.3687 seconds based upon a 50
MHz crystal oscillator clock signal.

If the receiving device receives a regular command just
before the time synchronization command 1s 1ssued, the
USPECM network can discard this command (521). In some
implementations, a determination of a command being 1ssued
immediately before a synchronization command may be dii-
ferentiated by the minimum Ethernet packet gap of 96 bit
time. For example, the USPECM network can discard the
synchronization command rather than queuing the command
to the device. It the synchronization command were 1nstead
placed within the queue for the device, the time synchroniza-
tion command could cause the device to become 1naccurate at
a micro-second level.

10

15

20

25

30

35

40

45

50

55

60

65

26

Typically, no command other than the synchromization
command 1s 1ssued from the command and control center of
the USPECM system. The synchronization command, in
some 1implementations, can be broadcasted by the Ethernet
switching system 416 (as shown 1n FIG. 38). The synchroni-
zation command, for example, should have the same latency
in reaching each USPECM end device, assuming that the
command underwent the same layers of Ethernet switching,
because each layer of Ethernet switching requires the same
latency. The synchronization command can typically be
issued within a short Ethernet packet (e.g., 64 bytes long). In
a 100Base-1X Ethernet transmission mode, for example, the
synchronization command, embedded within a short Ethernet
packet, would take about 5 us to send.

However, 1f a device command arrives immediately betfore
the broadcast synchronization command, the synchronization
command can be pushed back in the queue by the Ethernet

switching system 416 on the ail

ected channel/path to the
alfected USPECM device. Thus, this can affect the precision
of the synchronization command by about 5 us. As a result,
this pushed-back synchronization command should instead
be discarded (525). The device can become re-synchronized
with the next synchronization command cycle.

Once the device has received a synchronization command,
the device copies the MSBC stored within the synchroniza-
tion command to the MSBC 24-bit counter of the device
(523) The device also resets the LSBC counter. When the
device sends data to the command and control center, the
device first copies the 40-bit TSBC of the device clock nto
the data packet as a time stamp (527). Using a 50 MHz crystal
oscillator as the system clock, the time stamp stored within
the data packet should be precise to within 100 us of the
command and control center clock.

FIG. 44 1s a hardware diagram illustrating an exemplary
sensor controller design for use mm a USPECM system. A
generic USPECM sensor controller includes an FPGA/ASIC
500 which controls with one or more device-specific sensors
484 (e.g., a CCD/CMOS 1mage sensor for use with an 1imag-
ing device) and/or driver circuits 480 which drive one or more
controllers 482 (e.g.,a MOSFET driver circuit 480 for driving
a motor control 482).

The FPGA/ASIC 500 includes a CPU 474, a 52-bit binary
real-time clock (RTC) 476, and an external storage medium
472 (e.g., dynamic random access memory (DRAM), video
DRAM (VRAM), static random access memory (SRAM),
etc.) for large temporary storage. One or more data compres-
sion algorithms 488 can be used to reduce the device status
data (e.g., stored within the external storage medium 472)
into a compressed transmission to send periodically to the
USPECM command center when the device 1s 1n a static state
or normal mode functional state. The data compression algo-
rithm(s) 488 can also be used to send larger quantities of data
to the USPECM command center when the device 1s 1n a
dynamic state or an abnormal state.

The FPGA/ASIC 500, 1n some implementations, can use a
double Ethernet MAC interface 473 for redundant interfacing
with the USPECM central control. Each Ethernet MAC inter-
face 473 communicates over an Ethernet physical layer
(PHY ) 490 translator through a USPECM 1nterface connector
448 (¢.g., RJ-45 connector). The FPGA/ASIC 500 1s powered
by a power supply 492. The power supply 492, for example,
can derive power from the USPECM 111terface (e.g., PoE,
etc.).

A command data packet stream 452 1s recerved by the
device controller from the USPECM central control. The
command data packet stream 452 can include commands for
the controller(s) 482 and broadcast synchronization com-
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mands. If a controller command 1s recerved within the com-
mand data packet stream 452, the FPGA/ASIC 500 can send
the command across a digital driver control line 478 (e.g.,
pulse width modulation (PWM) control line for controlling a
stepper motor) to the appropriate driver circuit 480.

Each sensor 484 can collect sensor information and trans-
mit the information to an associated digital signal processor
486 (e.g., digital filter, fast Fourier transform (FFT), JPEG,
MPEG, etc.). The sensor information can be aggregated
within the DRAM 472 and compressed by the appropnate
data compression algorithms 488. The sensor information can
then be packetized and transmitted to the USPECM control
center within a sensor data packet stream 456. When the
sensors 484 are transmitting data while 1n a standby or normal
mode of operation, the sensors can aggregate information to
be periodically transmitted to the USPECM control center.
For example, the sensors 484 can store collected data within
the DRAM 472, compress the information using one or more
of the data compression algorithms 488, then bulk transmat
the data within the sensor data packet stream 4356. When the
sensors 484 are transmitting data regarding a change 1n status
or a status outside of a normal operating state, the sensors 484
can immediately transmit compressed or uncompressed data
to the USPECM control center through the sensor data packet
stream 456. The packets within the sensor data packet stream
456 can be time-stamped using the TSCB time stamping
method as described 1n FIG. 42.

FIG. 45 1s a hardware diagram 1llustrating an exemplary
actuator and valve controller design for use 1n a USPECM
system. As with the sensor controller described 1n FIG. 44, the
actuator and valve controller includes the generic controller
design of the FPGA/ASIC 500, the CPU 474, the redundant
Ethernet MAC interfaces 473, the 52-bit binary RTC 476, the
DRAM 472, one or more digital driver control lines 478, and
the data reduction algorithm 502.

The driver circuits 480 of F1G. 44 are replaced with a set of
MOSFET driver circuits 494 for controlling one or more
stepper motors 496. The stepper motors 496 take the place of
the generic controllers 482 (as shown in FIG. 44). One or
more of the stepper motors 496, in some 1mplementations,
can include a stepper motor response path 495 for relaying
status information back to the FPGA/ASIC 500 regarding the
functionality of the stepper motor(s) 496.

The sensors 484 of FIG. 44 are replaced with a position
sensor 498 and a pressure sensor 487. In some implementa-
tions, additional sensor types can include, but are not limited
to, temperature sensors, oxygen and/or carbon monoxide sen-
sors, water pressure sensors, water level sensors, battery man-
agement sensors, and/or engine status sensors. The USPECM
interface of the actuator and valve controller includes the
generic elements as described 1n F1G. 44, such as the Ethernet
PHY layer 490, the power supply 492, the USPECM interface
connector 448, the command data packet stream 452, and the
sensor data packet stream 456.

FIG. 46 1s a hardware diagram illustrating a multiple-lens
surveillance camera controller design for use in a USPECM
system. As with the sensor controller described in FI1G. 44, the

USPECM multiple-lens surveillance camera controller
includes the generic controller design of an FPGA/ASIC 530,

the CPU 474, the redundant Ethernet MAC interfaces 473, the
52-bit binary RTC 476, and the DRAM 472.

A set of multiple lens cameras 532 with CCD and/or
CMOS 1mage sensors 533 feed information to a set of MPEG/
JPEG compression algorithms 334. In some implementa-
tions, one or more tlash light emitting diodes (LEDs) 336 can
be used to increase the sensitivity of the CCD/CMOS 1mage
sensors 533. The USPECM intertace of the actuator and valve
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controller includes the generic elements as described 1n FIG.
44, such as the Ethernet PHY layer 490, the power supply
492, the USPECM interface connector 448, the command
data packet stream 452 and the sensor data packet stream 456.

FIG. 47 1s a hardware diagram 1llustrating an active or
passive sonar controller design for use 1n a USPECM system.
As with the sensor controller described in FIG. 44, the
USPECM active or passive sonar controller includes the
generic controller design of an FPGA/ASIC 3540, the CPU
4’74, one Ethernet MAC 1nterface 473, the 52-bit binary RTC
476, and the DRAM 472.

Within the active or passive sonar controller design, the
FPGA/ASIC 540 additionally includes a sonar pulse genera-
tor 543. One or more Field Effect Transistors (FETs) 550 are
used to drive the sonar pulse to one or more projectors 548.
The projectors 548, for example, can be manufactured using
piezoelectric composite materials (e.g., lead zirconate titan-
ate, barium titanate, etc.).

The passive sonar functionality of the controller can be
realized by one or more hydrophones 546. The hydrophone
readings can be mput to the FPGA/ASIC 540 through one or
more analog to digital converters (ADC) 545. The signal(s)
are then recerved by one or more digital signal processors
542. The DSP 542 can include a digital filter to analyze the
received signal. The DSP 542 can raise significant events by
time-stamping and forwarding acoustic and/or sonar
responses. The time-stamped events can be forwarded to the
USPECM control center.

One or more data reduction algorithms 544 (e.g., specific to
sonar array processing) can optionally be used to compress
event data. The compressed data can be forwarded to the
USPECM control center. The USPECM interface of the
active or passive sonar controller includes the generic ele-
ments as described 1n FI1G. 44, such as the Ethernet PHY layer
490, the power supply 492, the USPECM 1nterface connector
448, the command data packet stream 452, and the sensor data
packet stream 456.

FIG. 48 1s a block diagram illustrating a multiple sonar
design for use in a USPECM system. Traditional sonar imple-
mentations can require high power to drive the sonic/ultra-
sonic waves through long distances in the water. The
USPECM system, on the other hand, transmits a low power
ultrasonic signal similar to the strength and range of the
ultrasound of a dolphin. For example, less than 1 Watt of
power 1s required to drive the USPECM sonar device com-
pared to a traditional military sonar device which typically
requires greater than 100 Watts. The sonar devices within the
JUV hull can use a few watts to 100 watts depending upon the
range of the target object (e.g., up to a few hundred yards). I
some 1mplementations, the JUV can be configured with a
standard high power active sonar system (e.g., incorporating,
a USPECM 1nterface and a stronger power supply).

The JUV can include a USPECM passive sonar array 353
attached to a JUV module 558 (e.g., the JUV bow 23 as
illustrated 1n FIG. 2). A cone shaped collector 5354 can be
designed to collect the sonic/ultrasonic wave 1into a piezoelec-
tric pressure sensor 536. The USPECM passive sonar array
533 can include any number of cone-shaped collectors 554
containing piezoelectric pressure sensors 356. In some 1mple-
mentations, redundant piezoelectric pressure sensors 356 can
be used with each cone-shaped collector 554. An electronics
module 552 contains the USPECM sonar electronic compo-
nents (€.g., active or passive sonar controller as described in
FIG. 47). The electronics module 552 communicates with the
USPECM control center through the USPECM 1nterface 448.
All of the electronics components of the multiple sonar
design can withstand underwater operation.
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FI1G. 49 1s an architectural diagram 1llustrating a program-
mable system monitoring station design for use i a
USPECM system. The USPECM monitoring station 420 can
use a common off-the-shelf display device 572 (e.g., a high
resolution LCD screen such as a 1600x1200 pixel Ultra
eXtended Graphics Array (UXGA) monitor) to display as
much information as possible related to one or more
USPECM subsystems and/or devices. For example, a 1600x
1200 pixel display screen can display about twelve Common
Intermediate Format (CIF) (e.g., 352x288 pixels) picture
frames or video channels. This display method, for example,
would be similar to a multiple channel surveillance camera
display within a single screen.

The monitoring station connection 415 (as described in
FIG. 38) provides information from the USPECM command
center to the monitoring station 420. Information from the
USPECM command center 1s imtroduced to an FPGA/ASIC
560 through an Ethernet GMII PHY layer 561. The FPGA/
ASIC 560 includes a CPU 563 and the micro-second RTC
476. The FPGA/ASIC 560 can use one or more sensor data
decoding and restoration modules 564 to determine the type
information forwarded by a particular sensor and to extract
data from the sensor transmission. In some implementations,
the decoding and restoration modules 564 can make use of
one or more decompression algorithms 566 (e.g., JPEG,
MPEG, etc.) to decompress any compressed data transmis-
s10ons from the sensor(s). During processing, the decoding and
restoration modules 564 and/or the decompression algo-
rithms 566 can temporarily store sensor data within a high
speed digital storage medium 562 (e.g., graphic DRAM).

The decoding and restoration modules 564 can then format
the sensor data for viewing within the display device 572.
Formatted data can be supplied to the display device 5372, for
example, through a digital video interface (DVI) transmitter
570. In some implementations, the crew can interact with the
monitoring station 420. For example, using a touch panel 568
or other peripheral device (e.g., mouse, joystick, keyboard,
keypad, etc.), a crew member can request additional and/or
different data display from the monitoring station 420.

In addition to visual information, in some implementa-
tions, the monitoring station 420 can supply audio signals to
the crew. A voice synthesizer 574 attached to the FPGA/ASIC
560 recerves audio signals related to the sensor data. The
voice synthesizer 574 outputs the audio signals using one or
more speakers 576. For example, sonar “pings” can be audi-
bly output by the monitoring station 420 using the voice
synthesizer 574 and the speaker(s) 576.

FIG. 50 15 a block diagram illustrating an exemplary dis-
play strategy for the programmable system monitoring sta-
tion 420 of FIG. 49. One design goal for the USPECM system
monitoring station can be to display as much information as
possible regarding the real-time status of multiple USPECM
devices (e.g., sensors or controllers) at a flexible location
within a common ofi-the-shelf display device. The display
device, for example, can be driven by a single FPGA/ASIC
(e.g., FPGA/ASIC 560 as shown 1n FIG. 49) and the corre-
sponding high speed storage medium 562.

As shown 1n FIG. 50, A UXGA DVI monitor has a 1600x
1200 pixel display area. The display area can be divided into
twelve large display block sections 571 (e.g., 400x400 pix-
¢ls), with four horizontal sections 371 by three vertical sec-
tions 571. Each large display block section 371 can be further
divide into four small display block sections 573 (e.g., 200x
200 pixels), with two vertical sections 573 and two horizontal
sections 573. In this manner, the UXGA monitor can be
divided into a maximum of 48 1individual small display block
sections 573.
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In other words, the USPECM system monitoring station
can use a single UXGA DVI monitor as a 48 channel surveil-
lance display, each channel selected from potentially thou-
sands of USPECM devices via a single USPECM 1nterface
(e.g., 1 GbE, 10 GbE communications channel). In some
implementations, the 48 channels of USPECM monitored
devices can be arranged from any location at any time. For
example, a block of channels can be devoted to sonar moni-
toring, weaponry monitoring, engine monitoring, or any other
subsystem 1nstalled within the JUV,

The display criteria for the up to 48 channels of system
monitoring can be sent to the USPECM display system des-
ignating the display channel position (e.g., position of the
large block section 571 and/or the small block section 573),
the source Ethernet MAC address of the monitored USPECM
device to be displayed within the designated channel position,
and the USPECM device type being displayed (e.g., water
pressure sensor, sonar sensor, temperature sensor, etc.). In
some 1mplementations, the FPGA/ASIC 560 contains 48
separate decompression algorithms 366 physically pro-
grammed into the FPGA/ASIC 560 firmware, each decom-
pression algorithm 566 dedicated to a separate small block
section 573. In a conventional PC configuration, one PC or
motherboard would be used to decode a single channel of
video mput. Replacing up to 48 PC units with a single FPGA/
ASIC saves a significant amount of power.

FIG. 51 1s a block diagram 1llustrating an exemplary dis-
play strategy for the navigation station of a USPECM system.
A USPECM monitoring station (e.g., monitoring station 420
as described 1n FIG. 49) can be configured to be a navigation
console containing information pertaiming to navigation-re-
lated USPECM sensors. For example, the display area of the
navigation console can include, but 1s not limited to, a digital
compass display section 377, an engine status display section
579, and/or a depth reading display section 578, efc.

The crew members can use an mput device 575 (e.g., a
umversal serial bus (USB) steering wheel or USB flying
machine joy stick) at the navigation station to control the
navigation of the JUV. In some implementations, the input
device 575 can be connected directly to the FPGA/ASIC
monitor (e.g., display device 572 as illustrated 1n FIG. 49) to
1ssue steering commands to the navigation control subsystem.

FIG. 52 1s an architectural diagram 1llustrating a command
control station for use in a USPECM system. The configura-
tion of the USPECM command and control station 1s similar
to the momnitoring station described 1n FIG. 49, including the
FPGA/ASIC 560 1n communication with the display device
572 and the voice synthesizer 574. Unlike the monitoring
station 1n FIG. 49, however, the command and control station
of FI1G. 52 includes a central command interpreter 582 which
interprets commands input by crew members using one or
more peripheral mput devices (e.g., keyboard, mouse, joy-
stick, etc.). The command interpreter sends the mput com-
mand to the target device. In some implementations, a portion
of the display device 572 can be dedicated to selecting which
USPECM device 1s being targeted with a command. For
example, a touch panel mput can be used to select a valve
control or autonomous cap control for opening.

FIG. 53 1s a block diagram illustrating a comparison
between a traditional human machine interface and a
USPECM human machine interface. The traditional human
machine interface includes a PC 614 connected to a monitor
608 (c.g., a DVI monitor with touch panel display) and a
speaker 576. The monitor 1s attached from the PC 614 to the
monitor 608 using a DVI transmitter connection 612. An
Ethernet connection 616 connects the PC 614 to the video
source. The PC 614 would typically use a single channel of
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TCP/IP video/sensor display with a high power graphics card
to power the display 608. The PC configuration may generally

require approximately 300 Watts of power. Replacing the PC
614 with a traditional PC-based 12-channel TCP/IP human
machine interface, 1n another example, can require up to 3600
watts of power (e.g., 300 W per channel of video output).

The USPECM human machine interface introduces an
FPGA/ASIC 610 1n place of the PC 614. Rather than the
Ethernet connection 616, the USPECM interface 415 con-
nects the FPGA/ASIC 610 to the video source. The FPGA/
ASIC 610 configuration, for example, may require only 10
watts of power to control up to 48 channels of video output to
the display device 608.

FI1G. 54 1s a hardware diagram illustrating a powered Eth-
ernet switching system for use in a USPECM system. Unlike
a common off-the-shelf powered Ethernet Switch, the
USPECM powered Ethernet Switch can be designed for
water proofing, heat dissipation within the chassis, DC power
backup battery, and Ethernet switch management (e.g., based
upon USPECM sensor type). The USPECM Ethernet switch-
ing system can, however, make use of a common off-the-shelf
Ethernet switch ASIC 602.

The Ethernet switch ASIC 602 is included within a printed
circuit board (PCB) 584 along with a GbE uplink 588 (e.g.,
10/100/1000Base-1TX, 1000Base-X, fiber optic, etc.) to feed
the Ethernet switch ASIC 602 with GbE communications
from a waterprool connector 586 (e.g., RJ-45 or fiber optic
connector, etc.). In some 1mplementations, the GbE uplink
588 can be used to enable communications to and from a
periscope system such as the RWP (as described 1n FIG. 28)
or the FWP (as described in FIG. 35). The PCB 584 also
includes a DC backup battery 596, a power distribution block
594, and one or more PoFE fuses 598. The PCB 584 1s held
within a water prootf and heat conductive chassis 600.

The chassis 600 1s powered by a main DC power supply
teed 592. The DC power supply feed 592 powers the Ethernet
switch ASIC 602 and charges the DC power backup battery
596. The DC power backup battery 596 can be sized to main-
tain the downstream USPECM devices for a reasonable
period of time during power loss from the main DC power
supply feed 592. One or more USPECM interfaces 448 pro-
vide USPECM power and control to various USPECM
devices and/or subsystems within the system. In one example,
the chassis 600 can include up to 48 ports for USPECM
device and/or subsystem connection. The USPECM devices
and/or subsystems can connect to the chassis 600 through a
set of waterprool USPECM connectors 590.

USPECM Wheel-Based Actuator

The JUV can use wheel-based actuators to perform the
function of a valve (e.g., water valve, pneumatic valve, etc.).
Although the wheel-based actuators can include a stepper
motor with a current pulse feedback to sense the turning of the
motor, 1n some implementations 1t may be desirable to verily
the exact position of a wheel-based actuator either visually or
mechanically.

FIG. 55 1s a block diagram illustrating a wheel-based
actuator with a bar code dial. The bar code dial can have a set
of bar code labels 634 displayed on a wheel 626, similar to a
clock dial. In this manner, the bar code label 634 on the wheel
626 can be read by a bar code reader 622 to visually check
(e.g., by a USPECM actuator included within the bar code
reader electronics) on the exact position of the wheel 626. In
some 1mplementations, a worm gear with stepper motor 628
can be used to drive the wheel 626 because the worm gear 628
will lock when the stepper motor stops.
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As shown 1n a top view 620, the bar code labels 634 are
evenly spaced around the wheel 626. The barcode reader 622,

in some 1implementations, can constantly scan the wheel 626.
When the bar code label 634 aligns beneath the barcode
reader 622, the bar code reader 622 can process, compress,
and forward the imnformation to the USPECM central monitor
system. In some 1mplementations, the bar code reader 622
can mclude the generic USPECM sensor controller electron-
ics as described in FIG. 44. Using the USPECM controller
features, the bar code reader 622 can be connected to the
USPECM 1nterface 448 by a waterprool PoE connector 624
(e.g., RI-45 connector, etc.) to forward actuator status to the
USPECM central monitor.

The USPECM controller features within the bar code
reader 622 can also drive one or more pressure sensors 630
(e.g., piezoelectric sensors). The pressure sensors 630, 1n
some 1mplementations, can be positioned within a pipe (e.g.,
the pipe connecting the air compressor 180 to the high pres-
sure air container 182, as shown in FI1G. 20), at each end of a
valve (e.g., valve 183 as shown 1n FIG. 20) to sense the
pressure related to the functioning of the valve, verifying that
the valve 1s opening and closing properly. A fastener 632 fixes
the position of the sensor (e.g., within the pipe) to secure the
pressure sensors 630 from moving during valve operations.

An exemplary common off-the-shelf valve 618 1s 1llus-
trated attached to a handle. The handle can be turned 90
degrees, for example, to open or close the valve. The wheel-
based actuator replaces the functionality of the handle. Using
the wheel-based actuator to open and close the valve, the
USPECM sensors can monitor the exact angle at which the
valve opener (e.g., handle) has been turned).

FIG. 56 1s a block diagram illustrating a wheel-based
actuator with a gear coded resistor dial 638. The gear dial 638
utilizes mechanical contact of teeth at the edge of a wheel
with a reference gear 640. Each tooth of the gear dial 638 1s
encoded using a unique digital code. The greater the numbers
of teeth on the gear dial 638, the higher the precision of the
positional reading. A worm gear 628 driven by a stepper
motor can control the movement of the gear dial 638.

The reference gear 640 1s a metal gear connected to elec-
tronic ground 642. The reference gear 640 contact, in some
implementations, can be implemented using a brush metal
contact. For example, the reference gear 640 can be a metal
brush type of a wheel or ball form that contacts the teeth of the
gear dial 638 even while 1t turns. Continuous contact can be
maintained because a brush as a larger area of contact, accom-
modating greater error tolerance.

A gear coded dial and USPECM electronics controller 636
contains the generic electronics as described in FIG. 44 as
well as the gear coded dial reader. The controller 636 controls
the motor, pressure sensors, and the USPECM interface. An
clectrically conductive line 637 1s attached to each tooth of
the gear coded dial. The electrically conductive line 637, for
example, includes the unique digital coding for that tooth. As
the gear coded dial 638 turns, the reference gear 640 makes
contact with individual teeth of the gear coded dial 638. This
clectrical contact allows the reference gear to read the value
coded 1nto the conductive line 637 attached to the tooth. The
value 1s relayed to the USPECM electronics controller 636,
where information can be sent to the USPECM control station
regarding the exact positioning of the wheel-based actuator.

USPECM Autonomous Cap

FIG. 57 1s a block diagram 1llustrating an autonomous hull
cap with a 360 degree lock actuator. In some 1mplementa-
tions, although the cap 1s designed with a 360 degree lock
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actuator, 1t may be limited to 90 degrees as long as 1t can
switch between lock angle and fully open angle. There can be
many applications for the USPECM autonomous cap in the
JUV. For example, one or more autonomous hull caps can be
included within the crew module (e.g., the crew cabin module
as described 1n FI1G. 23) to allow the crew to enter the JUV
from the outside and/or to seal each EEC exit. One or more
autonomous hull caps can be included within the weaponry
module (e.g., weaponry module as described 1in FIG. 19) to
seal each torpedo and/or missile launch port and the like. A
USPECM autonomous cap includes a cap 644 and a hinge
646.

As shown 1n FIG. 57, an open position diagram 648 depicts
the USPECM autonomous cap within the open position. In
some 1mplementations, hinge electronics 658 control the ver-
tical positioning of the cap 644 when moving the cap 644 into
the open position. A closed position diagram 650 depicts the
USPECM autonomous cap within a closed position. The cap
644 can be pulled 1nto the closed position 6350, for example,
using the hinge electronics 638. In other implementations, a
crew member can manually pull the cap 644 shut. When inthe
closed position 650, the USPECM autonomous cap design
needs to withstand a high downward water pressure 652 with-
out leak into the JUV.

In some implementations, one or more lock bars 660 can be
used to lock the autonomous cap closed. Each lock bar 660 1s
attached to a USPECM wheel-based actuator 654. As
described with reference to FIGS. 55 and 56, a worm gear and
stepper motor 664 can be used to drive the wheel-based actua-
tor 654. The hinge electronics 658, 1n some 1implementations,
can trigger the locking mechamsm of the autonomous cap
644.

One or more o-rings 636 1solate the water from leaking into
the JUV when pressured evenly. The o-rings 6356 can be
arranged around the periphery of the autonomous cap at the
top ol the JUV hull 663. When the cap 644 1s engaged with the
JUV hull 663, one or more seals 662 tighten down the o-rings
656 against the hull top 663. The seals 662 protect the elec-
tronics within the lock bar actuator.

FIG. 58 1s a block diagram 1llustrating the autonomous hull
cap 644 with a 90 degree lock actuator. The 90 degree lock
actuator, for example, 1s a stronger wheel-based actuator
using a larger wheel (e.g., larger diameter) to apply a level
eifect. Within a closed and locked position 802, the wheel-
based actuator 800 and worm gear 804 has moved a lock bar
801 across the outer edge of the autonomous cap 644. In the
unlocked position 803, the lock bar 801 1s fully aligned along,
the 1nterior surface of the autonomous cap 644.

FI1G. 58 also illustrates the details of auto-cap hinge physi-
cal and electronic connections from a single USPECM 1nter-
face 812. The single USPECM electronics interface 812
located under the hull 1s introduced to an autonomous cap
clectronics module 809 within an autonomous cap controller
unit mounted upon the hull surface. The autonomous cap
clectronics module 809 switches the control commands
within the data stream of the USPECM electronics interface
812 to several USPECM 1interfaces 810 (e.g., associated with
individual lock bar actuators, wheel-based actuators, etc)
arranged upon the autonomous cap and on the hinge. The
autonomous cap electronics module 809 also includes a
wheel-based actuator 806 and a worm gear 807 which work to
open or close the hinge 646.

FI1G. 59 1s a block diagram illustrating a hinge design for an
autonomous hull cap with a wheel-based actuator. The
autonomous cap hinge includes physical and electrical con-
nections spanning from the single USPECM interface 812
under the hull of the JUV to many USPECM actuators, sen-
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sors, and/or other devices (e.g., wheel-based actuator 806)
positioned on the cap and on the hinge. The worm gear 807 1s

used to open or close the hinge. The hinge electronics module
809 can control the worm gear 807 and associated wheel-
based actuator 806 as well as a number of actuators positioned
around the cap portion using the USPECM interfaces 810.
The USPECM control signals for the hinge unit and addi-
tional cap lock actuators can be provided to the hinge unit
through a USPECM outer hull opening 808.

USPECM Router

FIG. 60 1s a hardware diagram 1llustrating a router design
tor a USPECM system. The Ethernet MAC router 412 1s the
centerpiece of the USPECM network, distributing the central
command and control data 452 (e.g., broadcast microsecond
synchronization packets, emergency alerts, router MAC
address learning packets, USPECM device commands, etc.)
from the USPECM central monitor to each USPECM device
via the command connection 428. The Ethernet MAC router
412 aggregates sensor data 456 from the data connection 430
to the central monitor router 414 over a collective data con-
nection 426. The command connection 424 can also be cop-
ied to central monitor router 414 for recording (e.g., to a black
box). The USPECM MAC router 414 can fabricated, in some
implementations, in an FPGA.

An FPGA implementation 730 of the USPECM MAC
router 412 includes a command and control FPGA 735 and a
USPECM device controller FPGA 734. The command and
control FPGA 7335 relays and copies command and control
packets to both the central monitor router 414 and one or more
USPECM devices. The command and control data received
from the central command control 410 along the command
connection 422 (e.g., a GbE physical interface), for example,
can be 1ssued to the USPECM devices from the command and
control FPGA 7335 using the command connection 428 (e.g.,
a GbE physical interface). The same command and control
data 452 recerved along the command connection 422 can be
copied to a command and control data path 731 (e.g., 1 GbE
interface) where the command and control data 452 will be
received by the central monitor router 414.

The incoming sensor data 456 can be received by the
USPECM device controller FPGA 734 over the data connec-

tion 430 (e.g., one or more GbE physical interface). The
USPECM device controller FPGA 734 generates dummy
MAC addresses for the powered Ethernet switching system
416 (as described 1n FIG. 38) to route all of the sensor data
456 to the central monitor router 414. The USPECM device
controller FPGA 734 can collect separate types of sensor data
456 (e.g., sensor gauge values, surveillance camera images,
periscope 1mages, etc.). The USPECM device controller
FPGA 734 can then route the numerical data along a numeri-
cal data connection 732 (e.g., 10 GbE physical interface) and
the 1mage data along an 1mage data connection 733 (e.g., 10
GbE physical interface). Both the image data portion and the
numerical data portion of the sensor data 456 are destined for
the central monitor router 414, where the data can be made
available at one or more system monitoring stations 420 and
logged to the black box 418 (as shown in FIG. 38).

FIG. 61 1s a hardware diagram illustrating a central monitor
router design for a USPECM system. All of the data that
needs to be monitored or recorded can be routed to the central
monitor router 414. The control data path 731, the numerical
data connection 732, and the image data connection 733 can
be combined into a monitor data stream. Each monitor station
can send monitor criteria 815 to the central monitor router
414. The monitor criteria 815, for example, can include a
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listing of USPECM devices and/or subsystems which are to
be displayed by the monitor station. The central monitor

router 414 can redirect a set of monitored data 740 originating,
from the selected USPECM subsystems and/or devices plus
command data pertaiming to the selected USPECM sub-
systems and/or devices to the requesting monitoring station.
The monitoring station will display the information within
the monitored data 740 as shown, for example, 1n FIG. 51. In
a similar manner, one or more black boxes can received
monitored data 740 based upon monitor criteria 815.

FIG. 62 1s a hardware diagram illustrating a black box
design for a USPECM system. The USPECM black box

includes an FPGA/ASIC with a communications link 818
(e.g., 1 GbE Ethernet USB) to one or more external storage
media. The external storage media, for example, can include
a Flash hard drive, static random access memory (SRAM),
read only memory (ROM), etc. In some implementations, the
external storage media s a 600 GB hard drive used to store the
USPECM data into different sectors of the drive.

The transfer speed of the communications link 818 can
limait the routed data accepted by an individual black box. For
example, 11 the communications link 818 uses the USB 2.0
standard, running at approximately 480 megabytes per sec-
ond (mbps), the black box should include monitor routing
criteria listing a number and/or type of USPECM subsystems
and/or devices which antlclpate a level of traffic which the
black box can handle receiving.

In some implementations, the black box can also include an
instant replay communications link 816. The instant replay
communications link 816, for example, can be used by the
crew members 1n reviewing images received by the surveil-
lance system. The instant replay communications link 816, 1n
some 1mplementations, may be a 10/100 GbE physical con-
nection to one or more monitoring stations.

JUV Configured for Missile/Torpedo Defense

FIG. 63 1s a diagram illustrating a J-Type Underwater
Vehicle configured for missle and/or torpedo defense. The
JUV can be configured into a low cost, un-manned military
defense JUV (MD_JUV). The MD_JUV has no weaponry
system. In some implementations, the MD_JUYV can be con-
trolled by the crew of a nearby aircrait carrier to submerge,
surface, and navigate at a safe distance from the aircraift
carrier. The MDD JUV can raise a missile defense screen 714
(e.g., made of an intermeshed net) supported by a set of frame
poles 718. For example, the missile defense screen 714 can be
used to disrupt the flight path of a missile. In some implemen-
tations, the missile defense screen 714 can also be used to
disable the missile or prohibit the missile from exploding. In
the case that the missile impacts near or on the MD_JUYV,
there will be minimal fatality because the MD_JUYV can be
un-manned and remote controlled. Additionally, the cost of
the MD_JUYV can be substantially less than the aircraft carrier

or the ship that it protects.
The MD_JUV 1s controlled using an FWP 716 (as

described 1n FIGS. 31 through 35). The tip of the FWP 716
includes a beacon 720 (e.g., LED tlash) which the crew can
tollow to visually identify the position of the MD_JUV within
the water. The FWP pole aligns with the other frame poles of
the missile defense screen 714. In some implementations, the
FWP pole acts as a support frame pole of the missile defense
screen 714. The support frame poles 718 can additionally
include beacons 720 for easier visual identification by the
remote operator.

FI1G. 64 15 a diagram 1llustrating a horizontal side view of a
deployment strategy for a J-Type Underwater Vehicle config-
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ured for missle and/or torpedo defense. The horizontal view
includes an MD_JUYV fleet including five MD_JUYV units 820
protecting an aircraft carrier 822. The three MD_JUV units
820 positioned 1n front of the aircrait carrier 822 have missile
defense screens 824 deployed.

This strategy can be used to catch any missile (e.g., Har-
poon missile, supersonic missile, etc.) targeting the aircraft
carrier 822 or other large military ship. The height of the
missile defense screens 824 can be above 10 meters. As
shown 1n FIG. 64, the missile defense screens 824 are
deployed above water level. In other implementations, the
missile defense screens 824 can be partially or fully sub-
merged beneath the surface of the water.

FIG. 65 1s adiagram illustrating a top view of a deployment
strategy for a J-Type Underwater Vehicle configured for mis-
sile and/or torpedo defense. As 1s shown 1n the upper portion
of FI1G. 65, the fleet of MD_JUYV units 820 1s surrounding the
aircraft carrier 822. For example, the missile defense screen
of each MD_JUYV unit 820 can be used to disrupt the flight
path of a missile, to disable the missile, or to prohibit the
missile from exploding. The MD_JUYV fleet can be controlled
remotely by crew members upon the aircraft carrier 822, for
example, using a set of wireless communication paths 722.

The lower portion of FIG. 65 depicts a manned MD_JUV
flag ship 723 leading the fleet of unmanned MD_JUV unaits
820 to be deployed 1n a mission. The MD_JUV units 820 also
can be deployed as a decoy for the aircraft carrier 822, defend-
ing against incoming missiles from the air. For example, the
aircrait carrier 822 can emit a large smoke screen to block the
visual guidance system of the incoming missile, allowing the
missile to aim at the MD_JUV decoy units 820.

Using either the upper deployment formation or the lower
deployment formation as illustrated in FIG. 65, 1n some
implementations the imndividual units 820 within the fleet can
communicate with each other. For example, each MD_JUV
unit 820 could communicate using a short distance wireless
communication 722 (e.g., WiIMAX, Wik, etc.) over the wire-
less antenna 272 within the FWP float (as shown in FIG. 26).
Additionally, the crew aboard the aircraft carrier 822 can
control each MD_JUV unit 820 using the wireless commu-
nication 722.

FIG. 66 1s a diagram illustrating a J-Type Underwater
Vehicle configured for torpedo defense (TD_JUV). Similar to
the MD_JUV as described 1n relation to FIGS. 63-65, the
TD_JUV can have an underwater defensive screen (e.g.,
made of an intermeshed net) for diverting and trapping
incoming torpedoes. In some implementations, the MD_JUV
releases the underwater defense screen from the top of the
hull. The underwater defense screen, for example, can span
approximately twelve feet from the top of the TD_JUV down-
wards.

In some implementations, the underwater defense screen 1s
released using a pole structure which extends about 8 feet
horizontally off of each side of the TD_JUV. The underwater
defense screen then extends downwards (e.g., along a 12 foot
vertical pole structure). If, for example, the width of the
TD_JUV 1s eight feet, the entire width of a TD_JUV with
underwater defense screens deployed to either side would be
24 feet.

FIG. 67 1s a diagram 1illustrating a J-Type Underwater
Vehicle configured for missile defense including a moveable
missile defense screen. As shown in FI1G. 67, an MD_JUV has
raised an underwater defense screen (e.g., as described in
FIG. 63) for defending against an incoming low-flying mis-
sile. In some 1mplementations, the supporting poles for the
defensive screen can be arranged along the hull of the
MD_JUV 1n a zigzagging manner (€.g., a pole fastened to the
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starboard side of the MD_JUYV, followed by a pole fastened to
the port side of the MD_JUYV, and so forth). The net portion of

the underwater defense screen, for example, can be made out
of a light-weight, durable, fishing net material (e.g., nylon,
polypropylene, polyethylene, co-polymer fibers, etc.).

When the MD_JUYV 1s submerged, the pole structure can be
retracted 1nto a flat position, as illustrated in the bottom por-
tion of FIG. 67, to reduce the drag force. When responding to
an incoming low-flying missile (e.g., a Harpoon missile), the
MD_JUYV can surface and raise the poles to the vertical posi-
tion to catch the incoming missile.

FIG. 68 1s a diagram illustrating a J-Type Underwater
Vehicle fleet configured as an aircraft carrier decoy (ACD_
JUV) 821. The ACD_JUV umts 821, in some implementa-
tions, can be configured using the same module layout as the
MD_JUYV described in reference to FIG. 63. I, for example,
an enemy missile 1s launched into orbit thousands of miles
away Irom a targeted U.S. aircrait carrier 822 and 1s detected
by satellite, the aircraft carrier 822 can be alerted and evasive
and defensive measures can be deployed. For example, the
atrcraft carrier 822 can emit a large smoke screen to block the
visual guidance system of the incoming missile. The missile
may mistake the ACD_JUYV fleet as the aircraft carrier 822
and aim at the center of the fleet.

During an incoming missile alarm, for example, three
ACD JUV units 821 and three MD JUV units 820 can be
used to form the shape of an aircraft carrier. The ACD_JUV
units 821 and MD_JUV units 820, for example, can be
maneuvered into position by the wireless communication 722
between the aircraft carrier 822 and the FWP of each ACD
JUV, MD_JUV. By positioning the ACD_JUV units 821 and
the MD_JUV umnits 820 along the periphery of the shape of an
aircraft carrier 822, the center area (e.g., open sea) 1s exposed
as a decoy target. For example, the missile may have an
optical recognition and visual guidance system, and the decoy
fleet of ACD JUV units 821 and MD JUV units 820 can be
used to draw the attention of the incoming missile. In other
implementations, ACD_JUV umts 821 alone can be used to
create an aircrait carrier decoy.

FIG. 69 1s a diagram 1llustrating a top view of the deploy-
ment strategy for a J-Type Underwater Vehicle configured as
an aircrait carrier decoy as described 1n FIG. 68. Just prior to
the arrival of the incoming hostile missile, the aircrait carrier
822 can release a thick smoke cloud 727 to cover the aircraft
carrier 822. The missile, targeting the decoy tleet of ACD_
JUV units 821 and MD_JUV umits 820, can aim for an open
water target region 725.

JUV Emergency Escape Capsule (EEC)

FIG. 70 1s a block diagram illustrating an emergency
escape capsule (EEC) design for a J-Type Underwater
Vehicle. The JUV can be designed to reduce casualty rate to a
mimmum. For example, every crew member in the JUV can
have an individual EEC 693 for use during emergency evacu-
ation. This 1s similar 1n concept to a pilot ejecting seat with
parachute for fighter jets. The EEC 693, for example, can be
included within a crew cabin module 692 (e.g., as described 1n
FIG. 23).

The crew cabin module 692 includes a vertical launch tube
696 for cach EEC 693. The EEC 693 is accessible to a crew
member via an outer security door 702 (e.g., within the ver-
tical launch tube 696) and an i1nner security door 700 (e.g.,
within the EEC module 693). During an emergency (e.g.,
when the JUV 1s under attack or has been targeted or impacted
by a torpedo or missile), a crew member can enter the EEC
693, closing both the outer security door 702 and the 1nner

10

15

20

25

30

35

40

45

50

55

60

65

38

security door 700. The inner security door 700 can include
one or more o-rings or other mechamsm to seal the opening

from water leakage upon evacuation.

Once 1nside the EEC 693, 1n some implementations, the
crew member can continue to operate the JUV from a
USPECM temporary operating console 694. The temporary
operating console 694, for example, provides the crew mem-
ber with a limited iterface for monitoring the JUV systems
and 1ssuing commands. In some 1implementations, the tem-
porary operating console 694 can be implemented within a
small portable computing device (e.g., laptop computer, note-
book computer, dumb terminal, personal digital assistant
(PDA), etc.).

The EEC 693 can also include an emergency kit 698 con-
taining 1items needed for the crew member to survive for a
period of time prior to rescue. The emergency kit 698, for
example, can include water, food, an oxygen canister, and/or
a satellite radio. In some implementations, the EEC 693 can
include a GPS beacon to facilitate rescue of the crew member.

In the event of evacuation, an autonomous cap 690 at the
top of the vertical launch tube 696 opens, providing an escape
route for the EEC 693. The autonomous cap 690, in some
implementations, can be designed 1n the manner described 1n
FIGS. 57 through 59. The vertical launch tube 696 includes an
air bag explosive 708. When the EEC 693 1s ejected, a valve
706 opens to introduce high pressure air 704 to the base of the
EEC 693. The air bag explosive 708 1s detonated, ejecting the
EEC 693 from the vertical launch tube 696. In some 1mple-
mentations, the air bag explosive 708 1s detonated 1n response
to a signal from a USPECM iterface 705. The USPECM
detonation command, 1n some implementations, can origi-
nate from a trigger (e.g., switch, button, etc.) within the EEC
693 or a command sequence 1ssued at the temporary operat-
ing console 694 within the EEC 693. In other implementa-
tions, upon the crew member preparing for evacuation within
the EEC 693 (e.g., closing of both the outer security door 702
and the mner security door 700, fastening a safety harness,
etc.), the ESPECM central monitor can automatically eject
the EEC 693.

Once the EEC 693 has been e¢jected from the vertical
launch tube 696, the EEC 693 will break the surface of the
water and float. The EEC 693 can be manufactured using light
pressure-resistant material which will float upon the surface
ol the water.

FIG. 71 1s a block diagram 1illustrating an air float design
for the emergency escape capsule of FIG. 70. In some 1mple-
mentations, atter the EEC 693 has been ejected from the JUV,
the EEC 693 can become afloat by inflating a side airbag 710.
The side aiwrbag 710 i1s positioned at approximately a 90
degree rotation from the door 700. The side airbag, 1n some

implementations, can be automatically inflated upon ejection
of the EEC 693 (e.g., based upon a timer, etc.).

JUV Modular Power Management

FIG. 72 1s a block diagram 1llustrating a battery and ballast
system design for a module of a J-Type Underwater Vehicle.
One or more of the modules included within a JUV unit (e.g.,
the bow module 23, the buoyancy module 11, the weaponry
module 12, the central command, control, and communica-
tion module 15, the engine and propulsion module 17, the air
module 19, and/or the stern fuel module 21) can have a set of
battery bays 680, 682 placed at the bottom of the module to
supply electricity to the individual module. The bottom posi-
tion of the battery bays 680, 682 can aid in the ballast weight-
ing of the JUV unit, helping to keep the JUV 1n a level
position.
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A USPECM battery management circuit 685 can monitor
the charge level of each battery bay 680, 682. For example,
the battery management circuit 686 can include a USPECM
power 1nput 684, electrical connections to each battery bay
680, 682, and a USPECM communications connection 686 to
the USPECM central monitor.

Submarine Surveillance & Tracking Network
(SSTN)

One of the design goals of the JUV 1s to detect and track
adversary submarines, especially a nuclear-powered subma-
rine. A nuclear submarine can remain submerged for as long,
as six months without being detected. A nuclear submarine
can carry nuclear weaponry, posing a serious threat to
national security. A traditional submarine during operation
can generate a large amount of heat, wave ripples, engine
sound, and active sonar signals. The range of detecting an
adversary submarine by sonar can vary from a few miles to
about 50 miles.

A Submarine. Surveillance and Tracking Network (SSTN)
can include a Long Underwater Cable (LUC) and a fleet of

Submarine Tracking JUV (ST_JUV) units configured for

locating adversary submarines. The LUC can be used to
detect any submarine or surface vessels crossing the LUC line
laid between two 1slands or end nodes (¢.g., anchored buoys,
submerged landmarks, etc.) through the use of passive sonar
and temperature sensors. The LUC canuse a USPECM sonar
array network to implement the passive sonar and tempera-
ture sensors.

When an adversary submarine 1s detected while crossing
the SSTN LUC line, an end-station of the LUC (e.g., 1sland,
buoy anchor unit, underwater landmark-based unit, etc.) can
report to a USPECM command center for deployment of the
nearest ST JUV units to track and escort the detected sub-
marine until 1t no longer poses a threat. Many ST_JUV units
can be deployed, each taking turns 1n tracking the adversary
submarine.

Upon deployment, an ST_JUV unit can use sonar to verily
the position of the adversary submarine. The ST_JUV umt
may then send out warning and/or deterrence signals.
Although this will expose the ST_JUV to the adversary sub-
marine, the adversary submarine will only learn the direction
of the ST_JUV unit and not the range. For example, the
ST_JUV can adjust the power of the emitted sonar wave to
obscure the exact distance (e.g., retlected sonar wave) of 1ts
position from the adversary submarine.

The ST_JUV can be configured with a heat seeking device
and a sonar system on the bow module and the stern module,
as well as sonar and/or heat seeking elements mounted on the
hull surface of any additional module(s) of the JUV.

When compared with the adversary submarine built with a
traditional design, the JUV units can be faster, quieter, and
more maneuverable. The JUV units can also better avert
detection due to the sonar reflection characteristics of the flat
hull (e.g., as described i FIGS. 9 and 10). Additionally, the
JUV units can be configured with a deep sea communications
system (e.g., through the use of the RWP as described 1n
FIGS. 25 through 30) used to communicate with a base sta-
tion (e.g., aircrait carrier, 1sland-based deployment station,
etc.) and/or between JUV units without the need for surfac-
ing. Due to lower power requirements and smaller crew
needs, the JUV units can remain deployed for a longer period
of time than a traditional submarine without exceeding
resources. All these advantages can be used to successtully
out-maneuver a potential adversary submarine.
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FIG. 73 1s a block diagram illustrating a submarine surveil-
lance and tracking network. A long underwater cable (LUC)
738 extends along the ocean floor between two end stations
7830. The end stations 830, as 1llustrated, are positioned upon
two 1slands 832, separated by the distance of the LUC 738.
The LUC 738, 1n some implementations, can be up to 1000
miles long. Three adversary submarines 836 are illustrated

approaching the LUC 738 from the left. Four ST_JUV units
834 are illustrated approaching the LUC 738 from the right.

FI1G. 74 1s a network diagram illustrating a long underwater
cable architecture for use in a submarine surveillance and
tracking network. The LUC includes the two end stations 830.
A portion of fiber optic cable 840 connects each end station
830 to a first sonar node 742. The fiber optic cable 840, for
example, includes DC power and a USPECM interface for
powering and providing a communications path for the sonar
node 742. In some implementations, the fiber optic cable 840
can be up to a few miles long. The fiber optic cable 840, for
example, can be protected by a non-corrosive waterproof
sheath for underwater installation.

Additional sonar nodes 746 are arranged across the length
of the LUC 738. A communications cable 744 runs between
the sonar nodes 746 and connects the sonar nodes 746 to the
first sonar nodes 742. The communications cable 744, in
some examples, can be a Cat-5 FEthernet cable or fiber optic
cable with DC power. The communications cable 744 carries
USPECM signals between the sonar nodes 744, 742.

FIG. 75 1s a network diagram 1llustrating the end-station
830 and long underwater cable architecture with sonar node
for use 1n a submarine surveillance and tracking network. The
end station 830 includes a monitoring station 750. The moni-
toring station 750, for example, can be designed 1n a similar
manner to the USPECM monitoring station 420 as described
in FIGS. 49 and 50. The end station 830 also includes a DC
power generator 752 to provide the DC power 1input required
for the LUC. A USPECM nterface 754 (e.g., 1 GbE 10/100/
1000Base-TX, 1000Base-TX, etc.) connects the monitoring
station 750 to a multiplexer 745. The DC power generator 752
1s also connected to the multiplexer 745 via a DC power cable
751. The multiplexer 745 multiplexes the DC power provided
by the DC power generator 752 and the USPECM ftratfic from
the monitoring station 750. The multiplexer then supplies the
multiplexed power and USPECM communications transmis-
s1on to the LUC 738 through the fiber optic cable 840.

The LUC 738 can include any number of sonar nodes 742,
746. The first sonar node 742 receirves power from a DC
power cable portion 753 of the fiber optic cable 840 and
USPECM communications from a fiber optic interface por-
tion 759 (e.g., 10/100/1000Base-X, 1000Base-TX, etc.) of
the fiber optic cable 840. The sonar node 742, in some 1imple-
mentations, 1s a USPECM sonar node with a temperature
sensor. The sonar node 742 includes a USPECM sonar
FPGA/ASIC 768. The FPGA/ASIC 768 has a built-in GbE
switch for switching tratfic between different sonar nodes
742, 746 and the base stations 830. The sonar node 742 also
includes a battery management unit 756 with a DC battery
and battery management logic. The battery management unit
756, for example, can provide auxiliary DC power as neces-
sary to operate the USPECM sonar node. Between each of the
sonar nodes 742, 746, the communications cable 744 includes
the DC power cable portion 753 and a fiber optic cable portion
757 (e.g., 1 GbE Cat-5 cable, 1000Base-X fiber optic cable,
etc.).

In other implementations, rather than using two end sta-
tions 830 as described, at least one of the end stations 830 can
be replaced with a wireless transmission unit. For example, in
the event of a failure at the main end station 830, a portable
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monitoring device (e.g., notebook computer, PDA, etc.) or the
monitoring station of a JUV (e.g., using the RWP as described
in FIGS. 24 through 30) could be brought within range of a
wireless transmission unit (e.g., built into a buoy, etc.) to
receive the USPECM signal data from the LUC. Other con-
figurations are possible.

FI1G. 76 1s a block diagram 1llustrating a sonar node for use
in a submarine surveillance and tracking network. The sonar
node 746 includes one or more USPECM sensor devices 760
(e.g., piezoelectric hydrophone sensor, temperature sensor,
piezoelectric transducers, etc.). The USPECM sensor devices
760, for example, can each connect to the FPGA/ASIC 768 of
the sonar node 746. In some implementations, the USPECM
sensor devices 760 are arranged around each sonar node to
provide omni-directional detection of engine noise, active
sonar pulses and/or propeller ripple waves. When manuifac-
tured 1n bulk (e.g., thousands of units), each sonar node may
cost less than $3,000 to produce.

FI1G. 77 1s a hardware diagram 1llustrating an exemplary
circuitry layout of a sonar node for use in a submarine sur-
veillance and tracking network. Similar to the USPECM hull
sonar as described in FIGS. 47 and 48, the SSTN sonar node
(e.g., sonar nodes 742, 746 as described 1n FIGS. 74 through
76) can include multiple USPECM piezoelectric hydro-
phone/transducer sensor elements 760. The piezoelectric
transducer of the SSTN sonar node can detect small ripples
generated by a submarine’s propeller. Additionally, the piezo-
clectric transducer can be used to detect the sonar pulses
generated by a submarine for surveying the depth of the ocean
floor to ensure safe navigation. In some 1implementations, the
USPECM piezoelectric transducer can be maintained regu-
larly through one or more USPECM vibration elements 760
tor shaking ofl any collected debris (e.g., sand, silt, scaweed,
etc.).

Internal to the sonar node 742, 746, the FPGA/ASIC 768
includes a built-in three-port Ethernet switch 777 used to
switch between an upstream USPECM interface 772 (e.g., the
cable 840, 744 to the first side of the sonar node 742, 746), a
downstream USPECM interface 774 (e.g., the cable 744 to
the second side of the sonar node 742, 746), and a local
Ethernet USPECM interface. The Ethernet switch 777, for
example, can route traflic to either of the end stations 830.

The FPGA/ASIC 768 collects signals from the USPECM
devices 760. In the case of piezoelectric transducer devices
760, the signals are filtered by a digital signal processor
(DSP) to 1solate significant events (e.g., submarine engine
sound recognition, surface vessel propeller sound recogni-
tion, propeller npple wave recognition, etc.). The FPGA/
ASIC can use one or more data reduction algorithms to com-
press the collected signal data before forwarding to the end
station(s) 830. A USPECM real-time clock 767 can be used to
timestamp the collected signals prior to transmission.

The sonar node 742,746 transmits data representing sig-
nificant events through a set of 1 GbE physical layer devices
770 to both the upstream end station 830 and the downstream
end station 830. The data transmission and basic USPECM
device logic composition, for example, 1s similar to the
generic USPECM controller device as described 1n FIG. 44.
The sonarnodes 742, 746 additionally include a power supply
switch 776 for switching the power feed between the DC
power line (e.g., the DC power portion 753 of the cable 840 as
shown 1n FIG. 76) and a battery 774. A power regulator 772
normalizes the mput power (e.g., from +4.8V to +3.3V).

FI1G. 78 1s a block diagram 1llustrating a redundancy design
tor use with the sonar node of FIG. 76. The DC power feed
and the battery management can be important in keeping the
SSTN robust and operable for a long period of time. Typi-

10

15

20

25

30

35

40

45

50

55

60

65

42

cally, DC power can be generated from both end stations 830
(e.g., as shown 1n FI1G. 74). In the event that a failure occurs 1n
the DC power line (e.g., the DC power portion 753 of the
cable 840) or the USPECM Ethernet interface (e.g., fiber
optic cable portion 757 of the cable 840), the LUC canrecover
resiliently due to the redundant power feeds 753 and commu-
nication feeds 753. In the event that a failure occurs, the
battery 774 in the middle sonar node can supply the power to
adjacent nodes.

In a redundant power configuration, a DC power switch
775 can control which source supplies DC power to the local
clectronics: the upstream DC power 753, the downstream DC
power 753, or the local battery 774. In some implementations,
the battery 774 can be a lithtum-1on battery. For example, at a
charge level of 40 percent, stored within a water temperature
of 34 degrees Fahrenheit, a lithium-1on battery will only lose
approximately two percent of charge annually. With proper
battery management, the local DC battery 774 within the
sonar node 742, 746 can last for years, assuming the majority
of the time the sonar nodes 742, 746 will be powered by the
DC power line 753.

In some 1mplementations, each sonar node 742, 746 can
also include redundant ASIC/FPGA units 768. In the some
implementations, a USPECM device multiplexer within the
ASIC/FPGA unit 768 can provide redundant signals between
the USPECM devices 760 (e.g., as shown in FIG. 77) and the
redundant ASIC/FPGA units 768. For example, the upstream
ASIC/FPGA 768 can provide signals to the upstream base
station 830, while the downstream ASIC/FPGA 768 can pro-
vide signals to the downstream base station 830. In other
implementations, the USPECM main communication path
may be switched from the upstream ASIC/FPGA 768 to the
downstream ASIC/FPGA 768 or vice-versa 1n the event of a
communications failure.

FIG. 79 1s a diagram 1illustrating a J-Type Underwater
Vehicle configured for tracking and surveillance. The
ST_JUV 834 can detect and track the adversary submarine
736 by detecting the engine sound, the ripple waves generated
by the propeller, and/or the excess heat generated by the
adversary submarine 836. In some implementations, the
ST_JUV units 834 can be configured with one or more weap-
onry modules (e.g. WP module 12 as shown in FIG. 2 and
described 1n FIG. 19) for use 1n engaging adversary subma-
rines. The ST_JUV units 834, for example, can include a crew
cabin module (e.g., CR/C3 module 15 as shown 1n FIG. 2 and
described in FI1G. 23) for manned operation.

FIG. 80 1s a block diagram 1llustrating a hull configuration

for the J-Type Underwater Vehicle of FIG. 79. The ST_JUV
834 can include one or more hull surface sonar devices 780
and one or more heat sensors 782 arranged along the entire
hull/bow module. As shown 1in FIG. 80, a series of twelve
surface sonar devices 780 are spaced evenly along the bow or
stern module. The sonar devices 780 can detect engine noise,
propeller ripple waves, propeller noise, and/or the sonar pulse
sound of an adversary submarine. A series of six heat sensors
782 are mounted evenly on the surface of the hull. The heat
sensors 782, as illustrated 1n FIG. 80, are not arranged within
the path of the rudder(s). Accordingly, other embodiments are
within the scope of the following claims.

What 1s claimed 1s:

1. A underwater vehicle comprising:

a hull that 1s angular in shape having a central portion and
capable of avoiding sonar detection, the hull including a
bow and a stern that are substantially the same 1n size
and shape to one another;

a plurality of reconfigurable modules substantially the
same size and shape that are interconnected to form a
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majority of the hull of the underwater vehicle, at least
three of the reconfigurable modules including equip-
ment for performing specific functions, each of the spe-
cific functions being different from each other and each
ol the specific functions being associated with operation
of the underwater vehicle;

one or more engines that are mounted in any one of the

plurality of reconfigurable modules without regard to
module position in the hull; and

a retractable wireless communication system, the retract-

able wireless communication system comprising a fiber
optic remote control, a monitoring system and a rising
pole with level balance weight;

wherein the rising pole 1s stowed at a 0 degree angle to the

hull of the underwater vehicle while submerged and
cruising;

wherein the rising pole 1s elevated to a 30 degree angle or

a 90 degree angle to the hull of the underwater vehicle to
perform periscope Tunctionality, wireless communica-
tion functionality or snorkeling functionality; and
wherein the plurality of reconfigurable modules are con-
figured to be connected to one another 1n any order.

2. The underwater vehicle of claim 1, wherein the retract-
able wireless communication system does not require the use
ol a conning tower.

3. The underwater vehicle of claim 1, further comprising:

an Ethernet system utilized to control and monitor for

autonomous, remote-controlled, or manual operation of
the underwater vehicle wherein one of the plurality of
reconiigurable modules 1s configured to monitor and
control the underwater vehicle.

4. The underwater vehicle of claim 1, further comprising:

a symmetric rudder design that uses substantially the same

rudder shape for both horizontal and vertical naviga-
tional control of the underwater vehicle wherein the
symmetric rudders are mounted on both the bow and the
stern.

5. The underwater vehicle of claim 1, further comprising:

multiple sets of a propulsion propeller and a shaft, both

located underneath the hull of the underwater vehicle.

6. The underwater vehicle of claim 1, wherein the plurality
of

reconfigurable modules include a redundant manifold

pipeline design.

7. The underwater vehicle of claim 1, wherein the angular
hull design 1s substantially square in shape.

8. The underwater vehicle of claim 3, wherein the Fthernet
system comprises:

a plurality of intelligent sensors, each sensor being indi-

vidually controlled, monitored, and recorded.

9. The underwater vehicle of claim 8, wherein the sensors
are powered based on the Power over Ethernet IEEE standard,
and the sensors are configured based on Application Specific
Integrated Circuit or Field Programmable Gate Array design.

10. The underwater vehicle of claim 3, wherein the Ether-
net system comprises a plurality of electronic devices capable
ol synchromization within microseconds, and further wherein
the Ethernet system utilizes only three layers of the Open
Systems Interconnection Basic Reference Model throughout
the system.

11. The underwater vehicle of claim 3, further comprising:

a router configured to relay information from the intelli-

gent sensors to one or more command control stations,
and

a central monitor router configured to provide one or more

system monitoring stations.
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12. The underwater vehicle of claim 1, further comprising
a connector to attach the plurality of reconfigurable modules
to one another wherein the connector includes a plurality of
module connection reinforcement connectors.

13. The underwater vehicle of claim 1, wherein the bow
and the stern are the same 1n size and shape.

14. The underwater vehicle of claim 1, wherein the size of
the underwater vehicle 1s large enough to transport a passen-
ger underwater.

15. The underwater vehicle of claim 5, wherein the propul-
sion propeller and the shait are located near the central por-
tion of the underwater vehicle.

16. An underwater vehicle comprising:

a hull that 1s angular in shape and capable of avoiding sonar
detection, the hull including a bow and a stern that are
substantially the same 1n size and in shape to one
another:

a plurality of reconfigurable modules substantially the
same size and shape that are interconnected to form a
majority of the hull of the underwater vehicle, at least
three of the reconfigurable modules including equip-
ment for performing specific functions, each of the spe-
cific functions being different from each other and each
of the specific functions being associated with operation
of the underwater vehicle; and

a retractable wireless communication system, the retract-
able wireless communication system comprising a fiber
optic remote control, a monitoring system and a rising
pole with level balance weight;

wherein the rising pole 1s stowed at a 0 degree angle to the
hull of the underwater vehicle while submerged and
cruising; and

wherein the rising pole 1s elevated to a 30 degree angle or
a 90 degree angle to the hull of the underwater vehicle to
perform periscope functionality, wireless communica-
tion functionality or snorkeling functionality.

17. The underwater vehicle of claim 16, further compris-

ng:

an Ethernet system utilized to control and monitor for
autonomous, remote-controlled, or manual operation of
the underwater vehicle.

18. The underwater vehicle of claim 16, wherein the plu-
rality of reconfigurable modules are capable of being built in
a warchouse away from a shipyard and assembled to form the
underwater vehicle at the shipyard.

19. The underwater vehicle of claim 16, wherein the size of
the underwater vehicle is large enough to transport a passen-
ger underwater.

20. A method of constructing an underwater vehicle at a
port comprising the steps of:

connecting a bow module to a first plurality of reconfig-
urable modules to form a first module combination
wherein connecting the bow module 1s by welding;

connecting a stern module to a second plurality of recon-
figurable modules to form a second module combination
wherein connecting the stern module 1s by welding;;

housing a retractable wireless communication system 1n a
first plurality of reconfigurable modules, the retractable
wireless communication system comprising a fiber optic
remote control, a monitoring system and a rising pole
with level balance weight; and

moving the first module combination and second module
combination into a body of water at the port and securing
the respective module combinations above the water to
form an underwater vehicle;
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wherein connecting the plurality of reconfigurable mod-
ules 1s by a plurality of module connection reinforce-
ment connectors and hardware;

wherein modules in the first and the second plurality of

reconfigurable modules are substantially the same in
s1ize and shape;

wherein the rising pole 1s stowed at a 0 degree angle to the

first plurality of reconfigurable modules of the underwa-
ter vehicle while submerged and cruising; and

wherein the rising pole 1s elevated to a 30 degree angle or

a 90 degree angle to the first reconfigurable modules of
the underwater vehicle to perform periscope functional-
ity, wireless communication functionality or snorkeling
functionality.

21. A method of constructing an underwater vehicle at a
port of claim 20, wherein connecting the bow and stern mod-
ule 1s by welding.

22. A method of constructing an underwater vehicle of at a
port of claim 20, further comprising the steps of:

rotating the underwater vehicle upside down and securing

the underwater vehicle so the bottom side 1s above the
waterline;

installing a set of propulsion propellers and a supporting

frame on the bottom side of the underwater vehicle;
rotating the underwater vehicle right side up; and
installing a redundant manifold pipeline system and inter-
connecting all mechanical and electrical connections
within each modular connection area.
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